To order 
Intel literature or obtain literature pricing 
information 
in the U.S. and Canada call or write Intel 
Literature 
Sales. In 
Europe 
and other international 
locations, 
please contact 
your local 
sales office or 


distributor. 


INTEL 
LITERATURE 
SALES 
P.O. Box 7641 
Mt. Prospect, 
IL 60056-7641 


In the 
U.S. and Canada 
call toll 
free 
(800) 
548-4725 
This 800 number is for external customers 
only. 


Product 
line 
handbooks 
contain 
data 
sheets, 
application 
notes, 
article 
reprints 
and 
other 
design 
information. All handbooks 
can be ordered individually, and most are available in a pre-packaged 
set in the 


U.S. and Canada. 


SET OF FOURTEEN 
HANDBOOKS 


(Available 
in U.S. and Canada) 


CONTENTS 
LISTED 
BELOW 
FOR INDIVIDUAL 
ORDERING: 


CONNECTIVITY 


EMBEDDED 
MICROCONTROLLERS 


EMBEDDED 
MICROPROCESSORS 


FLASH 
MEMORY 
(2 volume 
set) 


MICROPROCESSORS, 
VOL. 
1: 


InteI386'· 
80286 
& 8086 
MICROPROCESSORS 


MICROPROCESSORS, 
VOL. 2: 
InteI486'· 
MICROPROCESSORS 


MICROPROCESSORS, 
VOL. 3: 
PENTIUM'· 
PROCESSORS 


i750®, i860'·, 
i960® PROCESSORS 
AND 
RELATED 
PRODUCTS 


OEM 
BOARDS, 
SYSTEMS 
& SOFTWARE 


PACKAGING 


PERIPHERAL 
COMPONENTS 


PRODUCT 
OVERVIEW 


PROGRAMMABLE 
LOGIC 


NETWORKING 


ADDITIONAL 
LITERATURE: 


(Not included 
in handbook 
set) 


AUTOMOTIVE 
PRODUCTS 


COMPONENTS 
QUALITY/RELIABILITY 


CUSTOMER 
LITERATURE 
GUIDE 


EMBEDDED 
APPLICATIONS 
(1993/94) 


INTERNATIONAL 
LITERATURE 
GUIDE 


(Available 
in Europe 
only) 


MILITARY 
AND SPECIAL 
PRODUCTS 
(2 volume 
set) 


SYSTEMS 
QUALITY/RELIABILITY 


Intel 
Order 
Number 


231658 
1-55512-202-7 


270646 
1-55512-203-5 


272396 
1-55512-204-3 


210830 
1-55512-214-0 


230843 
1-55512-196-9 


241731 
1-55512-197-7 


241732 
1-55512-198-5 


272084 
1-55512-217-5 


280407 
1-55512-201-9 


240800 
1-55512-208-6 


296467 
1-55512-207-8 


210846 
N/A 


296083 
1-55512-206-X 


297360 
1-55512-220-5 


231792 


210997 


210620 


270648 


E00029 


1-55512-212-4 


1-55512-132-2 


N/A 


1-55512-179-9 


N/A 


210461 


231762 


1-55512-213-2 


1-55512-046-6 


int'et 


PROGRAMMABLE 
LOGIC 


Intel Corporation makes no warranty for the use of its products and assumes no responsibility for any errors which may 
appear in this document nor does it make a commitment to update the information contained herein. 


Intel retains the right to make changes to these specifications at any time, without notice. 


Contact your locai Intel sales office or your distributor to obtain the latest specifications before placing your product order. 


MDS is an ordering code only and is not used as a product name or trademark of Intel Corporation. 


Intel Corporation and Intel's FASTPATH are not affiliated with Kinetics, a division of Excelan, Inc. or its FASTPATH 
trademark or products. 


"Other brands and names are the property of their respective owners. 


Additional copies of this' document or other Intel literature may be obtained from: 


Intel Corporation 
Uterature Sales 
P.O. Box 7641 
Mt. Prospect, Il60056-7641 


or call 1-800-879-4683 


intel· 


By the time you receive this handbook, new technical 
information will be available on Intel PLDs. It may 
include advanced information on new devices or impor- 
tant new applications information for devices described 
in the handbook. If you want the newest information 
on Intel PLDs, please call the toll free Literature num- 
ber listed at the front of this handbook and ask for 
Literature Item IG69. 


Order documents by phone for prompt delivery to your 
fax machine. You can rely on FaxBACK for the fol- 
lowing types of information. 


• Product Literature 
• Tools and technical support material 
• Application articles 
• New product announcements 
• Design recommendations 
• Stepping and errata notification 


Just dial 1-800-628-2283 or 916-356-3105 and the user- 
friendly system will prompt you along. Just have your 
fax number ready. In Europe, dial (44) 793 49 66 46. 
Available 24 hours a day. 


The Technical Hotline is manned by applications per- 
sonnel during normal business hours. You can leave a 
message during off hours or when applications person- 
nel are already handling calls. The number (U.S. and 
Canada) is 1-800-628-8686. Assistance is also available 
through your local distributor or sales office. 


INTEL'S 
APPLICATION 
BULLETIN 
BOARD SYSTEM 
. 


Key into our centralized Intel Applications Bulletin 
Board System and pull up all the latest information in 
Intel's product line. The BBS can provide you with the 
following type of information: 


• software drivers 


• documentation 
• new products 
• tools information 
• firmware upgrades 
• presentations 
• revised software 


Intel's Application Bulletin Board System enables file 
retrieval and message/file exchange with our System 
Operator (Sysop) and File Operators (Fileops). 


Just dial 916-356-3600 on your modem, and the user- 
friendly system will prompt you along. In Europe, dial 
(44) 793 49 63 40. 


For new users, the first log-in allows you to register 
with the system operator by entering your name and 
location. To access files on the BBS, log in again 24 
hours later. 


For immediate file access, call 1-800-628-8686 or 916- 
356-3104. For a listing of files available on the BBS, call 
FaxBACK at 1-800-628-2283 or 916-356-3105, order 
catalog #6. In Europe, dial (44) 793 49 63 40. 


• Settings: 9600 baud, N, 8, 1 
• Auto configuration 
supports 
1200 through 
9600 


baud MODEMs 


in+-.I 


Intel uses various data sheet markings to designate each phase of the document as it 
relates to the product. The marking appears in the upper, right-hand corner of the data 
sheet. The following is the definition of these markings: 


Data Sheet Marking 


Product Preview 


Description 


Contains information on products in the design phase of 
development. 
Do 
not 
finalize 
a 
design 
with 
this 
information. Revised information will be published when 
the product becomes available. 


Contains 
information 
on products 
being sampled or in 
the initial production phase of development. * 


Contains 
preliminary 
information 
on new products 
in 
production. * 


Contains information on products in full production. * 


'Specifications 
within these data sheets are subject to change without notice. Verify with your local Intel sales 
office that you have the latest data sheet before finalizing a design. 


•••••• 


Intel FPGAs and PLDs 


Device 
·........ 
Page 


iFX740 
......... 
2-1 
iFX780 
......... 
2-24 
iFX8160 
......... 
2-47 
85C220/85C224-100, 
-80, -66 
......... 
2-74 
85C220/85C224-7. 
-10 
......... 
2-92 
iPLD22V10 
L-5 
......... 
2-107 
iPLD22V10-7 
......... 
2-111 
iPLD22V1 0-1 0, -15, -25 
......... 
2-121 
iPLDLV22V10-5 
·. . ... .. . 
2-131 
iPLDLV22V10-15 
......... 
2-136 
85C22V10 
......... 
2-146 
iPLD61 0 
......... 
2-156 
iPLD910 
......... 
2-174 
5AC312 
......... 
2-196 
5AC324 
......... 
2-214 
5C031 
·. . .. ... . 
2-232 
5C032 
.... , .... 
2-244 
5C060 
......... 
2-257 
5C090 
......... 
2-275 
5C180 
......... 
2-292 


Alphanumeric 
Index 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
xi 


CHAPTER 
1 
Overview 
Programmable 
Logic Overview. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1-1 


FPGAs and PLDs at a Glance. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1-16 


CHAPTER 2 
Device Data Sheets 
FLEXlogic 
FPGA Family 


iFX740 10 ns FLEXlogic 
FPGA with SRAM Option 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2-1 


iFX780 10 ns FLEXlogic 
FPGA with SRAM Option 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2-24 
iFX8160 10 ns FLEXlogic 
FPGA with SRAM Option............................ 
2-47 


FPGA Tutorial............................................................ 
2-70 
High Performance 
Programmable 
Logic Device Family 
85C220/85C224 
85C220/85C224-100, 
-80 and -66 Fast Registered 
Speed Tsu, Tso 8-Macrocell 
PLDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2-74 


85C220/85C224-7 
and -10 Fast Tpd, Half-Power 
8-Macrocell 
PLDs 
2-92 


85C220/85C224 
Family Product Selector 
Guide.............................. 
2-106 
22V10 


iPLD22V10L-5 
Low Power, Electrically 
Erasable 10-Macrocell 
CMOS PLD 
2-107 
iPLD22V10-7 
High Performance 
10-Macrocell 
CMOS PLD. . . . . . . . . . . . . . . . . . . . .. 
2-111 
iPLD22V1 0-1 0, -15, -25 High Performance 
10-Macrocell 
CMOS PLD . . . . . . . . . . . .. 
2-121 
iPLDLV22V10-5 
Low Voltage, 
Electrically 
Erasable 1O-Macrocell CMOS PLD ..... 
2-131 
iPLDLV22V1 0-15 Low Voltage, High Performance 
10-Macrocell 
CMOS PLD . . . . .. 
2-136 


85C22V10 
High Performance 
10-Macrocell 
CMOS PLD 
2-146 


610/910 
iPLD610 Fast 16-Macrocell 
CMOS PLD 
2-156 
iPLD910 Fast 24-Macrocell 
CMOS PLD 
2-174 


5ACXXX 
5AC312 1-Micron CMOS 12-Macrocell 
PLD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-196 


5AC3241-Micron 
CMOS 24-Macrocell 
PLD................................... 
2-214 


5CXXX 
5C031 300 Gate CMOS PLD. .. . . .. . . .. . .. . . .. . . .. . . .. . . .. . . .. . . .. . . . .. . . 
2-232 


5C032 8-Macrocell 
CMOS PLD 
2-244 


5C060 16-Macrocell 
CMOS PLD 
2-257 


5C090 24-Macrocell 
CMOS PLD 
2-275 


5C180 48-Macrocell 
CMOS PLD 
2-292 


CHAPTER 
3 
Applications 
Information 


FLEXlogic 
FPGAs 
APPLICATION 
BRIEFS 
AB-27 Using the iFX780 FLEXlogic 
FPGA in Hybrid 3.3V/5V 
Systems............ 
3-1 


AB-28 Implementing 
FIFOs Using the iFX780 FLEXlogic 
FPGA. . . . . . . . . . . . . . . . . . 
3-9 


AB-30 80960CA 
DRAM Controller 
in a FLEXlogic 
iFX780 FPGA . . . . . . . . . . . . . . . . . 
3-15 


AB-51 FLEXlogic 
iFX780 Logic Configuration 
Timing........................... 
3-25 


AB-52 Overview of In-Circuit Reconfiguration 
and Programming 
for the FLEXlogic 


iFX780 and iFX740 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-35 


AB-54 Using FLEXlogic 
iFX780 and iFX740 Features with PLDsheli Plus......... 
3-46 


AB-55 How to Use Registered 
SRAM Macrocells 
on the FLEXlogic iFX780 and 
iFX740 via PLDshell Plus Keywords 
3-50 
APPLICATION 
NOTES 
AP-390 JTAG 1149.1 Specifications 
for In-Circuit Reconfiguration 
and 
Programming 
FLEXlogic 
FPGAs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-55 
AP-392 Designing 
FLEXlogic 
Loader Circuits 
3-79 


High Performance 
Programmable 
Logic Devices 
85C220/85C224 
APPLICATION 
BRIEFS 


AB-8 Implementing 
Cascaded 
Logic in PLDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-88 
AB-53 The 85C224 Clock Driver Low Output Skew PLD . . . . . . . . . . . . . . . . . . . . . . . . 
3-93 


APPLICATION 
NOTES 


AP-338 85C220/85C224 
Design Guide 
3-99 
AP-370 iPLD22V1 0/85C22V1 
0 Design Guide. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-116 


610 


APPLICATION 
BRIEF 
AB-11 16-Bit Binary Counter Implementation 
Using the iPLD61 0 PLD 
3-136 
APPLICATION 
NOTE 


AP-339 iPLD610 Design Guide.............................................. 
3-144 


5ACXXX 
APPLICATION 
NOTE 
AP-319 Designing with the 5AC312/5AC324 
PLDs 
3-194 


TECHNICAL 
PAPER 
Advanced 
Architecture 
PLDs Solve Common State Machine Problems 
. . . . . . . . . .. 
3-204 


5CXXX 
APPLICATION 
BRIEF 
AB-12 Designing a Mailbox Memory for Two 80C31 Microcontrollers 
Using PLDs .. 
3-208 


General 
AP-336 Metastability 
Characteristics 
of Intel PLDs . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-217 


RR-64 PLD Quality and Reliability Data Summary. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-225 


CHAPTER 4 
Development 
Tools Support 
PLD/FPGA 
DevelopmentTools 
Support 
' 
4-1 


FPGA and PLD Support at a Glance......................................... 
4-17 


DATA SHEETS 
PLDshell Plus Design Software 
4-19 


FLEXlogic 
Plus Design Kits. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-22 


FPGAlPLD 
Fitter Kit. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-26 


ARTICLE 
REPRINT 
AR-703 Personalizing 
PLD Design Work. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-31 


CHAPTER 
5 
Appendix 
PAL/GAL 
to Intel PLD Replacement......................................... 
5-1 


Intel PLDand 
FPGA Feature Comparison 
5-3 


Industrial Temperature 
Devices. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5-4 


Military Devices 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5-5 
Tape and Reel Packaging.................................................. 
5-6 


Pre-Programmed 
Devices 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5-6 


Register Preload 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
5-6 


Ordering 
Information 
5-7 


5AC312 1-Micron CMOS 12-Macrocell 
PLD 
2-196 
5AC324 1-Micron CMOS 24-Macrocell 
PLD 
2-214 
5C031 300 Gate CMOS PLD 
2-232 
5C032 8-Macrocell 
CMOS PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-244 
5C060 16-Macrocell 
CMOS PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-257 
5C090 24-Macrocell 
CMOS PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-275 
5C180 48-Macrocell 
CMOS PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-292 


85C220/85C224 
Family Product Selector 
Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-106 
85C220/85C224-100, 
-80 and -66 Fast Registered 
Speed Tsu, Tso 8-Macrocell 
PLDs .... 
2-74 
85C220/85C224-7 
and -10 Fast Tpd, Half-Power 
8-Macrocell 
PLDs . . . . . . . . . . . . . . . . . . . . 
2-92 
85C22V10 
High Performance 
10-Macrocell 
CMOS PLD............................... 
2-146 


AB-11 16-Bit Binary Counter Implementation 
Using the iPLD610 PLD 
3-136 
AB-12 Designing a Mailbox Memory for Two 80C31 Microcontrollers 
Using PLDs . . . . . . . .. 
3-208 
AB-27 Using the iFX780 FLEXlogic 
FPGA in Hybrid 3.3V/5V 
Systems.................. 
3-1 
AB-28 Implementing 
FIFOs Using the iFX780 FLEXlogic 
FPGA 
3-9 
AB-30 80960CA 
DRAM Controller 
in a FLEXlogic iFX780 FPGA . . . . . . . . . . . . . . . . . . . . . . . . 
3-15 
AB-51 FLEXlogic 
iFX780 Logic Configuration 
Timing 
3-25 
AB-52 Overview of In-Circuit Reconfiguration 
and Programming 
for the FLEXlogic 
iFX780 
and iFX740 
3-35 
AB-53 The 85C224 Clock Driver Low Output Skew PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-93 


AB-54 Using FLEXlogic iFX780 and iFX740 Features with PLDsheli Plus. 
. . . . . . . . . . . . . . . 
3-46 
AB-55 How to Use Registered 
SRAM Macrocells 
on the FLEXlogic iFX780 and iFX740 via 
PLDsheli Plus Keywords 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-50 
AB-8 Implementing 
Cascaded 
Logic in PLDs 
:............................. 
3-88 
Advanced 
Architecture 
PLDs Solve Common State Machine Problems. 
. . . . . . . . . . . . . . . .. 
3-204 
AP-319 Designing with the 5AC312/5AC324 
PLDs 
3-194 
AP-336 Metastability 
Characteristics 
of Intel PLDs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-217 
AP-338 85C220/85C224 
Design Guide. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-99 
AP-339 iPLD610 Design Guide.................................................... 
3-144 
AP-370 iPLD22V1 0/85C22V1 
0 Design Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3-116 
AP-390 JTAG 1149.1 Specifications 
for In-Circuit Reconfiguration 
and Programming 
FLEXlogic 
FPGAs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-55 
AP-392 Designing 
FLEXlogic 
Loader Circuits. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
3-79 
AR-703 Personalizing 
PLD Design Work. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-31 
FLEXlogic 
Plus Design Kits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-22 
FPGA and PLD Support at a Glance. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-17 
FPGA Tutorial................................................................... 
2-70 
FPGAlPLD 
Fitter Kit 
4-26 
FPGAs and PLDs at a Glance 
1-16 
iFX740 10 ns FLEXlogic 
FPGA with SRAM Option.................................... 
2-1 
iFX780 10 ns FLEXlogic 
FPGA with SRAM Option 
:................ 
2-24 
iFX8160 10 ns FLEXlogic 
FPGA with SRAM Option................................... 
2-47 
iPLD22V1 0-1 0, -15, -25 High Performance 
1O-Macrocell CMOS PLD 
2-121 
iPLD22V10-7 
High Performance 
10-Macrocell 
CMOS PLD 
2-111 
iPLD22V10L-5 
Low Power, Electrically 
Erasable 10-Macrocell 
CMOS PLD............... 
2-107 
iPLD610 Fast 16-Macrocell 
CMOS PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-156 
iPLD910 Fast 24-Macrocell 
CMOS PLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2-174 
iPLDLV22V1 0-15 Low Voltage, 
High Performance 
10-Macrocell 
CMOS PLD . . . . . . . . . . . .. 
2-136 
iPLDLV22V10-5 
Low Voltage, 
Electrically 
Erasable 10-Macrocell 
CMOS PLD 
2-131 
PAL/GAL 
to Intel PLD Replacement................................................ 
5-1 
PLD/FPGA 
Development 
Tools Support............................................ 
4-1 
PLDsheli Plus Design Software 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
4-19 
Programmable 
Logic Overview 
1-1 
RR-64 PLD Quality and Reliability Data Summary 
. . . . . . . . . . . . .. 
3-225 


1 


intel· 


Programm b 
Overview a Ie Logic 


I 


Order Number: 296032-008 


• 


Programmable 
Logic Overview 


PAGE 
CONTENTS 


INTRODUCTION 
1-3 


WHY USER DEFINED 
LOGIC? 
1-3 


USER·DEFINED 
IC- 
IMPLEMENTATION 
ALTERNATIVES 
1-3 


PROGRAMMABLE 
LOGiC 
1-4 


LIMITATIONS 
OF BIPOLAR 
FUSE 
TECHNOLOGY 
FOR PLDs 
1-5 


ERASABLE 
PROGRAMMABLE 
LOGIC 
DEVICES 
1-5 


CHMOS TECHNOLOGY 
IN EPLDs 
1-7 


CHMOS DESIGN GUIDELINES 
1-7 


Electrostatic 
Discharge 
1-7 


PCB Layout 
1-8 


Decoupling 
1-8 


Unused Inputs 
1-8 


BOOLEAN 
MINIMIZATION 
TECHNIQUES 
FOR SOP 
ARCHITECTURES 
1-8 


References 
.: 
1-8 


LOGIC REFRESHER 
COURSE 
1-8 


Boolean Algebra 
1·9 


Karnaugh Maps 
1-9 


Flip-Flop Tables 
1·10 


AUTOMATIC 
STANDBY 
MODE 
(TURBO Bin 
1-11 


Turbo Off (Low Power) 
1-11 


Turbo On (Faster Speed) 
1-11 


PAL/GAL 
TO PLD REPLACEMENT 
1·12 


85C220 
1-12 


85C224 
1·12 


85C060/PLD610 
1-12 


85C22V10/PLD22V10 
1-12 


QUALITY/RELIABILITY 
1-13 


PACKAGING 
1-13 


SOFTWARE 
AND PROGRAMMING 
SUPPORT 
1-13 


ORDERING 
INFORMATION 
1·14 


INTRODUCTION 
TO INTEL'S 
PLD FAMILY 


In 1992, Intel introduced a new line of high-speed Pro- 
grammable Logic Devices (iPLDs) aimed at augment- 
ing high-performance 
microcomputer 
environments. 
This new family of devices provides high-speed support 
logic for the fast microcomputer systems of today. At 
the same time, our advanced CMOS process allows our 
PLDs to significantly reduce power consumption and 
system heat dissipation, problems that plagued the pre- 
vious generation of bipolar PLDs. 


Major benefits of Intel's iPLD family are: 


Industry's 
Highest 
Speed PLDs 
• High Speed 
-100MHz+ 
Registered 
- 
< 7 nstpD 


• Lowest Noise CMOS for 
Simplified 
High-Speed 
System Design 


• Best Solution 
for 
Metastable 
Conditions 
• Compatible 
with Existing 
Design Methods 
• Fewer Manufacturing 
Line Items 


• High Reliability/Quality 
- 
Lower Failure Rates 
- 
100% Programming 
Yields 


Specially 
Designed 
Register 
and Output 
Circuits 


Superset 
of Popular 
CMOS and Bipolar 
PLDs 


Built on Standard 
CMOS EPROM 
Technology 


Intel's high-performance iPLDs, along with the existing 
5CXXX family of devices, can be classified as "User- 
Defined Logic" circuits. User-defined logic circuits al· 
low system designers to tailor building block solutions 
to their individual systems requirements. This customi· 
zation provides the needed performance, reliability, and 
space reduction as well as design security. 


This document discusses the reasons for the trend to 
user-defined logic devices, briefly describes some imple- 
mentation alternatives, and provides detail on a solu- 
tion that can be implemented completely by the user, 
Le., the programmable logic device. Details on Intel's 
PLD product line, including terminology, nomencla- 
ture, architectural 
features, and developmental tools, 


are also described in this document. 


System designers prefer user customized ICs for the 
following reasons: 


a. SMALLER SYSTEM SIZES: Customized compo- 
nents allow for reducing chip count and saving board 
space, resulting in smaller system physical dimensions. 


b. LOWER SYSTEM COSTS: When custom LSI or 
VLSI components are used instead of standard SSI and 
MSI logic elements, there is a considerable saving in 
component cost per system, assembly and manufactur- 
ing cost, printed circuit board area and board costs and 
inventory costs. 


c. HIGHER 
PERFORMANCE: 
Reduced number of 


ICs contributes to faster system speeds as well as lower 
power consumption. 


d. HIGHER 
RELIABILITY: 
Since probability of fail- 


ure is directly related to the number of ICs in the sys- 
tem, a system composed of customized LSI & VLSI 
chips is statistically much more reliable than the identi- 
cal system made up of SSI/MSI devices. 


e. DESIGN SECURITY: Systems designed with stan- 
dard components 
can be replicated relatively easily 


whereas systems that contain user customized ICs can- 
not be copied because "reverse engineering" of the cus- 
tomized components is extremely difficult. Thus, use of 
customized ICs allows for the protection of proprietary 
designs. 


f. INCREASED 
FLEXIBILITY: 
Customized compo- 


nents allow for the tailoring of systems to the end user's 
specific needs relatively easily. This also allows for up- 
gradability and obsolescence protection. 


USER DEFINED 
IC- 
IMPLEMENTATION 
ALTERNATIVES 


Currently, the choices available to the system designer 
for customization of ICs (see Figure I) are as follows: 
(I) user programmable ICs-programmable 
logic de- 


vices, including Field Programmable Gate Arrays 
(FPGAs) 
(2) mask programmable ICs-gate 
arrays 


(3) standard cell based ICs 
(4) full custom ICs 


Alternatives (I) & (2) are usually called 'Semicustom' 
because in these methods only a few (less than three) of 
the mask layers involved in the manufacture of the IC, 
are customized to the users' specifications. The later 
two alternatives (3) & (4), involve customization of all 
mask layers required to manufacture the ICs to the us- 
ers' specifications and are therefore called 'Custom'. 


• 


USER DEFINED LOGIC 
I 
I 
CUSTOM 
I 


I 
SEMICUSTOM 
I 
I 
STANDARD 
CELL 
I 
FULL 


CUSTOM 
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I 
PROGRAMMABLE 
LOGIC 
I 
GATE 
ARRAYS 


Figure 1. User-Defined 
Logic 
Implementation 
Choices 


Most user Programmable Logic Devices (PLD) are in- 
ternally structured as variations 'of the PLA (program- 
mable logic array) architecture, that is composed of an 
array of 'AND' 
gates connected to an array of 'OR' 
gates (see Figure 2). Programmable logic devices make 
use of the fact that any logic equation can be converted 
to an equivalent 'Sum-of-Products' form and can thus 
be implemented in the 'AND' and 'OR' architecture. 
This basic PLA structure has been augmented in most 
PLDs with input and output blocks containing regis- 
ters, latches and feedback options, that let the user im- 
plement sequential logic functions in addition to combi- 
national logic. 


The number and locations of the programmable con- 
nections between the 'AND' and 'OR' matrices as well 
as the input and output blocks are predetermined by 
the architecture of the PLD. The user, depending on 


his logic requirements, determines which of these con- 
nections he would like to remain open and which he 
would like to close, through the programming of the 
PLD. Programmability of these connections is achieved 
using various 
memory 
technologies 
such 
as fuses, 


EPROM cells, EEPROM cells or Static RAM cells (see 
Figure 3). 


User programmability allows for instant customization, 
very similar to user programmable memories such as 
PROMs or EPROMs. The user can purchase a PLD 
off-the-shelf, use a development system running on a 
personal computer and, in a matter of a few hours, have 
customized silicon in his hands. Figure 4 compares 
user-defined logic alternatives. 


INPUT BLOCK 
(contains 
latches 
and other 


programmable 
Input 
options) 


OUTPUT BLOCK 
(containing 
output 
controls, 
registers, 
etc.) 
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I 
SEMICUSTOM 
I 
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CUSTOM 
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Figure 4. User-Defined Logic 
Alternatives 
Compared 


LIMITATIONS 
OF BIPOLAR 
FUSE 
TECHNOLOGY 
FOR PROGRAMMABLE 


LOGIC 
DEVICES 


Until 1985, all PLDs were built using Bipolar fuse tech- 
nology. The bipolar fuse based devices, although offer- 
ing the users the benefits of quick time to market and 
low development costs, had several inherent limita- 
tions. 


a. HIGH 
POWER 
CONSUMPTION: 
Bipolar pro- 


cesses by nature are power hungry and as a conse- 
quence also make for very hot systems, often requiring 
cooling aids such as heat sinks and fans. They also can- 
not operate at lower voltages (2-3V) and have a lower 
level of noise immunity than MOS devices. 


b. LOWER INTEGRATION: 
A fuse takes up a large 


amount of silicon area; this fact in conjunction with the 
large power requirements makes for smaller levels of 
integration. 


c. ONE·TIME PROGRAMMABILITY: 
Bipolar fuses 


can only be blown once and cannot be reprogrammed. 
This does not allow for easy prototyping and could re- 
sult in significant losses when preprogrammed parts are 
inventoried and design changes occur. 


d: TESTABILITY: Since fuses can only be blown once, 
bipolar PLDs can only be destructively tested. Thus, 
testing is usually done by sampling or through addi- 


tional testing elements incorporated in the chips, which 
can be blown to examine electrical characteristics. 
However, such testing methods never allow for 100% 
testability of all parts shipped. Thus, most users of bi- 
polar programmable logic devices resort to extensive 
post-programming 
testing, specific to their applica- 


tions. 


ERASABLE 
PROGRAMMABLE 
LOGIC 
DEVICES 


Erasable programmable logic devices result from the 1 
matching of CMOS EPROM technology with the ar- 
chitectures of programmable 
logic devices. Erasable 


PLDs use EPROM cells as logic control elements and 
therefore, when housed in windowed ceramic packages, 
can be erased with UV light and reprogrammed. Figure 
5 shows the architecture of Intel erasable PLDs. 


Other than the obvious benefit of reprogrammability, 
erasable PLDs offer several very significant benefits 
over bipolar PLDs. These are: 


1. LOW 
POWER 
CONSUMPTION: 
Due 
to the 


CMOS technology, these products consume an order of 
magnitude less power than the equivalent bipolar devic- 
es. This allows for the design of complete CMOS sys- 
tems, that can operate at lower voltages (less than 5V). 
Also, this makes for cooler systems that do not require 
cooling systems like fans. 


2. GREATER LOGIC DENSITY: EPROM cells are 
an order of magnitude smaller than the smallest fuses. 
This means that the same function can be accommodat- 
ed in significantly smaller die area, or that greater 
amounts of logic can now be incorporated on a single 
chip. Thus higher integration programmable logic de- 
vices result with the use of EPROM elements. 


3. TESTABILITY: 
Since the EPROM cells are eras- 


able, the entire EPROM array of the PLD can be 100% 
factory tested. Thus, before the part is shipped to the 
cu.stomers, it can be completely tested by the program- 
mmg and erasure of all the EPROM logic control bits. 
This testing is therefore independent of any application, 
In contrast to the bipolar PLDs that need application 
specific testing. 


4. ARCHITECTURAL 
ENHANCEMENTS: 
The in- 


herent testability of the EPROM elements allows for 


intel~ 


significant 
architectural 
improvements 
over bipolar 
PLDs. New features, such as buried registers, program- 
mable registers, programmable clock control, etc., can 
now be incorporated because of this testability. These 
new features allow for greatly increased utilization of 
the erasable PLDs and use of these devices in newer 
applications. 


S. DESIGN SECURITY: Erasable PLDs are provided 
with a 'security bit,' which when programmed does not 
allow anyone to read the programmed pattern. The log- 
ic programmed in an erasable PLDs cannot be seen 
even if the die is examined (unlike bipolar PLDs-a 
blown fuse is clearly visible) as the stored charges are 
captured on a buried layer of polysilicon. 
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The steps in a generalized design process of program- 
mable logic is shown in Figure 6 and described in the 
following paragraphs. 


STEP 1: The user decides on the logic he wants imple- 
mented in the PLD and enters the design into the PC or 
workstation. This Design Entry may be done by the 
following methods: (i)SCHEMATIC CAPTURE-A 
'Mouse' or some other graphics input device is used to 
input schematics of the logic, (ii)NET LIST ENTRY- 
If the user has a hand drawn schematic he can enter the 
design into the computer by describing the symbols and 
interconnections in words using a standardized format 
called a net list (without using a graphics input device). 
(iii)STATE EQUATION/DIAGRAM 
ENTRY-En- 
try of a sequential design involving states and tran- 
sitions between states. In the state diagram method cir- 
cles represent states and the arrows interconnecting 
them represent the transitions. Equations or a state ta- 
ble can also be used to define a state machine, and 
(iv)BOOLEAN EQUATIONS-this 
is the most com- 
mon design entry method. The logic is described in 
boolean algebraic equations. 


STEP 2: The software converts all design entry data 
into boolean equations. 


STEP 3: The boolean equations entered are converted 
to the sum of products format after logic reduction 
(minimization of the logic through heuristic algo- 
rithms). 


STEP 4: The user has the ability to choose the PLD he 
would like the design implemented on. He can enter 
device choice and/or 
he can also enter in specific 
choices on the device as regards pinout he would like 
etc ... 


STEP 5: The software optimizes the logic equations to 
fit into the device using the minimum amount of re- 
sources (resources are input pins. output pins, registers 
and product terms and macrocells). This step is where 
the user requirements as regards required pins are tak- 
en into account. The user requests are viewed as con- 
straints during the optimization process. 


STEP 6: The software. at the end of the resource opti- 
mization/ allocation, produces a report detailing the re- 
sources used up in fitting the design on the PLD. This 
report allows the user to incrementally stuff in logic by 
going back to Step I from this stage. Also. if the design 
overflowed the PLD, i.e., did not fit in the user chosen 
device, the software lists out the resources needed to 
complete the fit. The requirements such as four more 
inputs, one register more and one more output (are 
needed to complete the design) gives the user data in 
choosing a bigger PLD or in partitioning the intial de- 
sign to fit into two devices. 


STEP 7: The next step is to generate the appropriate 
programming pattern for the PLD. This is a standard 


"JEDEC" format interface and allows the output of the 
design software to be compatible with any piece of 
PROM programming hardware. 


STEP 8: PROM progra~mer is used to program the 
pattern stored in the JEDEC file onto the PLD. Also, 
at this stage fuse programmed PLDs (bipolar) are func- 
tionally tested using test vectors included in the 
JEDEC file information. 


Erasable PLDs are manufactured with Intel's proprie- 
tary CMOS technology. The backbone of the process is 
the integration of both a P and an N channel MOS 
transistor on the same substrate. In addition, erasable 
PLD's programmable architecture makes use of Intel's 
proven EPROM cell for programmable array intercon- 
nections as well as macrocell configuration bits. These 
cellsare programmed electricallyand erased with ultra- 
violet light. For details on Intel's CMOS technology 
and EPROM cells technology, refer to the Components 
Quality/Reliability Handbook. Order Number 210997. 


Designingwith Intel PLDs is relatively straightforward 
if the followingguidelines are observed: 
• Minimize the occurrence of ESD (electro-static dis- 


charge) when storing or handling PLDs. 


• Observe good design rules in printed circuit board 
layout. 
• Provide adequate decoupling capacitance at both 
the device and the board level. 


• Connect all unused inputs to Vcc or GND (CMOS 
inputs should not be left floating). 


The two most common sources of electrostatic dis- 
charge are the human body and a charged environment. 


A charged human body that touches a device lead dis- 
charges electricity into the device. Electrostatic dis- 
charge from people handling devices has long been 
recognized by manufacturers and users of all MOS 
products. Human body static electricity can be con- 
trolled by using ground straps and anti-static spray on 
carpeted floors. CMOS devices should also be stored 
and carried in conductive tubes or anti-static foam to 
minimize exposure to ESD from people. 


Discharge also occurs when an integrated cirCUItIS 
charged to one potential and then contacts a conductor 
at another potential. This type of ESD can be reduced 


•• 


equipment, ~emoving static generators such as paper 
from the work area, and erasing PLDs in metal tubes, 
metal trays, or conductive foam. 


The best PCB performance is obtained when close at- 
tention is paid to VCC, GND, and signal traces. Vcc 
and GND 
should be gridded to minimize inductive 
reactance and to approximate 
a trace layer. Clocks 


should be laid out to minimize crosstalk. Ensure ade- 
quate power supply and ground pins on the board con- 
nector. 


Decouple each PLD with a high-frequency ceramic ca- 
pacitor in the range of 0.01 IJoFto 0.2 IJoF,depending on' 
board frequency and current consumption. For most 
applications, a 0.1 IJoFcapacitor will suffice. The fol- 
lowing equation produces the exact value: 


C = 
Dolce 
DoV/DoT 


where 
C = capacitor value 


.6.ICC= maximum switched current 


.6.V = switching level 
.6.T = switching time 


For boards that contain mixed logic (PLDs and TTL), 
observe both PLD and TTL decoupling practices. 


To minimize noise receptivity and power consumption, 
all unused inputs to PLDs should be connected to VCC 
or GND. By default, PLDshell Plus software assigns 
unused inputs to GND. These pins shown on the pin- 
out representation 
of the PLDshell Plus report file, 


should be connected to ground on the PCB. Pins listed 
as RESERVED on the report file must be left floating. 
Pins marked N.C. have no internal device connections 
and can also be left floating. 


BOOLEAN 
MINIMIZATION 
TECHNIQUES 
FOR SOP 
ARCHITECTURES 


Minimization plays an important role in logic design. 
Methods for minimization can be grouped into two 
classes. Class I includes manual methods for minimiza- 
tion, such as Boolean reduction or Karnaugh mapping. 
Class 2 is computer-assisted minimization. 


to a certain point. Past that point, however, computer- 
assisted minimization plays a crucial part in efficient 
design. Even at the computer-assisted stage, the choice 
of minimizer software has an impact on time and the 
confidence level of the reduced equation (i.e., is it in the 
smallest possible form). 


PLDshell Plus software includes a minimizer that uses 
the ESPRESSO algorithms. ESPRESSO was developed 
by u.c. 
Berkeley. The 
primary 
advantage 
of the 


ESPRESSO minimizer becomes apparent when design- 
ing large finite state machines or complex, product- 
term intensive logic designs. In these cases, ESPRESSO 
arrives at the minimize solution sooner, and frequently 
reduces the logic to a smaller number of product terms. 


For more information on ESPRESSO, refer to Logic 
Minimization Algorithms for VLSI Synthesis, Brayton, 
Hachtel, McMullen, and Sangiovanni-Vincentelli, Klu- 
wer Academic Publishers. 
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Minimization of PLD logic equations is normally per- 
formed by sophisticated algorithms that eliminate the 
need for tedious manual reductions. The sections pro- 
vided here contain logic reference tables for cases where 
manual reduction techniques may be desirable. 


The Sum-of-Product 
architecture 
used in PLDs 
makes 
Boolean 
algebra 
ideal for design analysis. 
The following 


tables summarize 
standard 
Boolean 
functions. 


Properties 


A'B 
= B' A 
Commutative Property 
A+B 
=B+A 


A' 
(B' 
C) 
= (A' B)'C 
Associative Property 
A + (B + C) 
= (A + B) + C 


A' 
(B + C) 
=A'B+A'C 
Distributive Property 
A+B'C 
= (A + B) • (A + C) 


0'0=0 
0'1 
= 0 
l' 
1 = 1 


Postulates 


0+0=0 
0+1 
= 1 
1 + 1 = 1 


0= 
1 
1=0 


A'O=O 
A'l 
= A 
A'A=A 
A'A=O 


Theorems 


A+O=A 


A + 1 = 1 
A+A=A 
A+A=l 


DeMorgan's 
Theorems 


(A + B + C + D) 
A • S • C • D 
(A • B • C • D) 
A + S + C + D 


A'A 
A+A 
A 
A 
Ell B = A EXCLUSIVE 
OR B 


AANDA 


AORA 


A NOT 
AS + AB 


Graphical 
representation 
of data is usually 
easier to an- 


alyze 
than 
strings 
of ones 
and 
zeros. 
The 
Karnaugh 


Map 
techniques 
take 
advantage 
of this capability 
and 


provide 
an important 
tool to the logic designer. 


AS 


CO 
00 01 11 10 


00 
0 
4 
t 2 
8 


01 
1 
5 
13 
9 


11 
3 
7 
15 11 


10 
2 
6 14 10 


• 


Five Variables 


Be 
A=O 
A=1 
BC 


DE 
0001 
11 10 
00 01 11 10 
DE 


00 
0 
4 
12 
8 
16 20 28 24 00 


01 
1 
5 
13 
9 
17 21 29 25 01 


11 
3 
7 
15 11 
19 23 31 27 11 


10 
2 
6 
14 10 
18 22 30 26 10 
296032-10 


CD 
B=O 
B=1 
CD 


EF 
00 01 11 10 
0001 
11 10 
EF 


00 
0 
4 
12 
8 
16 20 28 24 00 


01 
1 
5 
13 
9 
17 21 29 25 01 
A=O 
11 
3 
7 
15 11 
19 23 31 27 11 


10 
2 
6 
14 10 
18 22 30 26 10 


00 
32 36 44 40 
48 52 60 56 00 


01 
33 37 45 41 
49 53 61 57 01 
A=1 
11 35 39 47 43 
51 55 63 59 11 


10 34 38 46 42 
50 54 62 58 10 


EF 
00 01 11 10 
0001 
11 10 
EF 


CD 
CD 
296032-11 


This subsection 
includes 
truth 
tables and excitation 
ta- 
bles for the flip-flops 
supported 
by PLDs. 


D 
aN 
aN + 1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 


aN 
aN + 1 
D 


0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
1 
1 


T 
aN 
aN + 1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


aN 
aN + 1 
T 


0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


J 
K 
ON 
ON + 1 


0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 


ON 
ON + 1 
J 
K 


0 
0 
0 
X 
0 
1 
1 
X 
1 
0 
X 
1 
1 
1 
X 
0 


S 
R 
ON 
ON + 1 


0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 


1 
1 
Illegal 


ON 
ON + 1 
S 
R 


0 
0 
0 
X 
0 
1 
1 
0 
1 
0 
0 
1 
1 
1 
X 
0 


NOTES: 
ON = Present State 
ON + 1 = Next State 
X = Don't Care 


AUTOMATIC 
STANDBY 
MODE 
(TURBO 
BIT) 


Most Intel PLDs 
contain 
a programmable 
bit, the Tur- 
bo Bit, that 
optimizes 
devices 
for speed or power 
sav- 
ings. When 
TURBO 
= ON, EPLDs 
are optimized 
for 
speed. 
When 
TURBO 
= OFF, 
they are optimized 
for 
power 
savings 
by 
automatically 
entering 
standby 


mode 
when 
input 
or I/O 
transitions 
are not detected 
over a short 
period 
of time. The following 
paragraphs 
describe 
how the Turbo 
Bit affects power 
and speed in 
PLDs. 


Most Intel PLDs 
contain 
circuitry 
that monitors 
inputs 


and feedbacks 
for transitions. 
When 
a transition 
is de- 
tected 
while the device 
is in standby 
mode, 
the circuit 
generates 
an active pulse. The leading edge of this pulse 
wakes the device up and the device responds 
according 
to its programming, 
changing 
outputs 
as necessary. 
If 
no new transitions 
occur 
during 
the active 
pulse, 
the 
device enters 
standby 
mode 
again. 
Outputs 
are always 
held valid in standby 
mode. 
Input 
transitions 
that 
oc- 
cur during 
the active mode interval 
retrigger 
the active 
pulse. 
The 
active 
pulse 
is different 
depending 
on the 
device 
(5C060, 
5AC312, 
etc), 
but 
is typically 
several 
times the propagation 
delay for a particular 
device. 


In applications 
with infrequent 
input transitions, 
stand- 
by mode can result in significant 
power savings 
(see the 
appropriate 
data 
sheet 
for 
standby 
power 
vs. active 
power). 
The slight speed loss associated 
with waking up 
a device 
is in the 
range 
of 0-30 
ns, which 
is small 
enough 
to allow 
standby 
mode 
to be used 
with 
most 
applications 
(see the appropriate 
data sheet for effect of 
Turbo 
Bit on performance). 


In 
cases 
where 
the 
slight 
speed 
loss 
associated 
with 
waking 
a device 
from standby 
mode 
cannot 
be traded 
off to save 
power, 
the Turbo 
bit can 
be enabled 
for 
maximum 
speed 
operation. 
With 
the 
Turbo 
Bit 
en- 
abled, 
the device is always 
in active 
mode, 
thus 
avoid- 
ing the wakeup 
delay. 
Note 
that 
data 
sheet 
perform- 
ance is specified 
with the Turbo 
Bit enabled. 


The 
Turbo 
Bit is enabled/disabled 
via a TURBO 
ON or TURBO 
= OFF 
statement 
in a PLDsheli 
Plus 


PDS or ADF 
option 
statements. 
It can also be enabled/ 


disabled 
by editing 
the JEDEC 
file using 
device 
pro- 
gramming 
software. 
With 
TURBO 
= ON 
the device 
will be programmed 
for high speed; 
with 
TURBO 
= 
OFF 
the 
device 
will 
be 
programmed 
for 
automatic 


standby 
(power 
savings). 
The 
default 
(erased) 
state 
is 


OFF. 


Already 
in wide use throughout 
the electronics 
indus- 
try are numerous 
different Programmable 
Logic Devic- 
es. Most common 
PALs and GALs can be replaced or 
upgraded 
with the following Intel PLDs: 


The 85C220 is a direct, drop-in 
replacement 
for most 
20-pin PALs/GALs, 
although 
some PALs have an in- 
compatible 
architecture. 
The 
85C220 
runs 
at up to 
100 MHz with external feedback. 


The 85C224 is a direct, drop-in 
replacement 
for most 
24-pin PALs/GALs, 
although 
some PALS have an in- 
compatible 
architecture. 
The 
85C224 
runs 
at up to 
100 MHz with external feedback. 


The 85C060/PLD61O 
is NOT 
a drop-in 
replacement 
for any 24-pin bipolar PAL, though it can functionally 
replace 
many 
higher-density 
devices. 
Some modifica- 


tion of CLK and OE signals may be required. 


The iPLD22VlO 
is a direct, drop-in replacement 
for all 
24-pin PALs/GALs. 
The 85C22VlO includes superset 
features 
such 
as· Invertible 
CLK 
and expanded 
feed- 
back options. 


'PAL 
is a registered 
trademark 
of Advanced 
Micro Devices. 
'GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Incorporated. 


85C220 As a 20·Pin PAL Replacement 


100% 
Compatible 


10H8, -2 
12H6, -2 
14H4, -2 
16H2, -2 
10L8, -2 
12L6, -2 
16L8, A-2, A-4 
16R4, A-2, A-4 
14L4, -2 
16L2, -2 
16R8, A-2, A-4 
16R6, A-2, A-4 
16P8, -2 
16RP8, -2 
16RP6, -2 
16RP4, -2 
16V8 


16R6A 
16R4A 
16L8A 
16RP6A 
16RP4A 
16P8A 
16R8A 
16RP8A 
16V8A 
18P8 
18V8 


85C224 As a 24·Pln PAL Replacement 


100% 
Compatible 


14L8 
16L6 
18L4 
20L2 
20L8 
20R8 
20R6 
20R4 


20L8A 
20R8A 
20R6A 
20R4A 
20V8 


iPLD610 As a 24·Pin PAL Replacement 


Modified 
Replacement 


20RA10 
22V10 
32V10 
26V10 
26V12 


85C22V10/iPLD22V10 
As a 


24·Pin PAL Replacement 


100% Compatible 


22V10 
22VP10 


Intel PLDs meet the same Quality and Reliability stan- 
dards as Intel's microprocessors and memories. Relia- 
bility is not just tested, but is designed into each compo- 
nent Intel manufactures. This assures you that Intel 
PLDs will meet your system's quality/reliability 
needs 
through its life. 


The methods used to guarantee the quality and reliabil- 
ity of Intel PLDs parallels the methods used with Intel 
EPROMs. 
Intel's 
Component 
Quality/Reliability 
Handbook, 
together 
with Reliability Report RR-35, 
EPROM Reliability Data Summary, 
can provide the 
generic information needed to assess Intel's design and 
testing procedures for PLDs. Current quality data for 
specific PLDs is published in RR-64, Intel PLD Quali- 
ty/Reliability Data Summary, printed in this handbook. 


Intel PLDs are available in several packages to meet the 
wide requirements of customer applications. Current 
information on available packages is available from 
your local Intel field sales engineer. Detailed informa- 
tion on package dimensions, etc. for a particular pack- 
age is provided in Packaging Outlines and Dimensions, 
Order Number 321369, which covers all Intel packages. 


SOFTWARE 
AND PROGRAMMING 
SUPPORT 


Intel provides design software and programming equip- 
ment to support its PLDs. In addition, Intel PLDs are 
supported by all major compiler and programmer man- 
ufacturers. Refer to the appendix to this handbook for 
detailed information. 
• 


M 


""-v-I 


o 
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Family 
FX 
PLD 
SAC 
SC 
8SC 


FLEXlogic 
FPGA 
(Field 
Programmable 
Gate 
Array) 
Industry 
Standard 
PLD 
Advanced 
Architecture 
PLD 
Standard 
Architecture 
PLD 
High Speed 
Enhanced 
Architecture 
PLD 


Package 
Type 
D 
Hermetic, 
Type D (Cerdip) 
Dip 
N 
Plastic, 
Leaded 
Chip Carrier 
P 
Plastic 
Dip 
X 
Unpackaged 
Device 
KU - 
Plastic 
QUAD 
Flatpack 


A 
- 
Indicates 
automotive 
operating 
temperature 
range (- 
40°C to + 125°C) 


J 
- 
Indicates 
a JAN 
qualified 
device, but is for internal 
identification 
purposes 
only. All JAN 
devices 
must be 


ordered 
by M38S1O part number. 
(Example: 
M38SIO/42001 
BQB), and will be marked 
in accordance 
with 


MIL-M-38S 
10 specifications. 


L 
- 
Indicates 
extended 
operating 
temperature 
range 
(-40°C 
to + 85°C) express 
product 
with 
160 + 8 hrs. 


dynamic 
burn-in. 


'M 
- 
Indicates 
military 
operating 
temperature 
range (- 
55°C to + 12SOC) 


Q 
- 
Indicates 
commercial 
temperature 
range (O°C to + 70°C) express product 
with 160 + 8 hrs. dynamic 
burn- 
in. 


T 
- 
Indicates 
extended 
temperature 
range (- 
40°C to + 85°C) express 
product 
without 
burn-in. 


- 
No letter 
indicates 
commercial 
temperature 
range (O°C to + 70°C) without 
burn-in. 


Examples: 


QDSC060-4S 
Commercial 
with burn-in, 
ceramic 
Dip, 060 (600 gate) device, 45 nanosecond. 


'On 
military 
temperature 
devices, 
B suffix indicates 
MIL-STD-883C 
level B processing. 


uv- Erasable 
(Windowed) 
.---------. 
Do 


~ 
~ 
HIGH PERFORMANCE 
FLEXlogic 
DEVICES 


FPGA 
Packages 
Pins 
Mcells 
1/0 
tpD 
fCNT1 
tsu 
tco 
IOL 
Icc(mA)@ 
Device Typel Application 
(Regs) 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq. (MHz) 


FX780 
N 
84 
80 
60 
10,15 
80 
6.5 
6.0 
12 
120 @ 80 
Highest performance 
FPGA, SRAM option 3.3V support, 


KU 
132 
80 
102 
10,15 
80 
6.5 
6.0 
12 
120 @ 80 
JT AG interface. 
5000 Gates 


FX740 
N 
44 
40 
30 
10,15 
80 
6.5 
6.0 
12 
80@80 
Highest 
performance 
FPGA, SRAM option 3.3V support, 


N 
68 
40 
50 
10,15 
80 
6.5 
6.0 
12 
80@80 
JT AG interface. 
2500 Gates 


PLD 
Packages 
Pins 
Mcells 
1/0 
tpD 
fCNT1 
tsu 
tco 
IOL 
Icc(mA)@ 
Device Typel Application 
(Regs) 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq. (MHz) 


PLD22V10 
P,N 
24, 
10 
22 
7.5,10,15 
111 
3 
6 
16 
130 @ 15 
High-speed,22V10 


28 


PLDLV22V10 
P,N 
24, 
10 
22 
15 
50 
10 
10 
16 
35 @ 15 
Low Voltage 
PLD-3.3V 
Core Logic and I/O 


28 


PLD61 0 
D,P,N 
24, 
16 
20 
10,15,25 
74 
7 
6.5 
12 
105 @ 1 
High-speed, 
general 
purpose; 
EP610/EP630 


28 
speed upgrade-Low 
Power Standby 
Mode 


PLD910 
D,P,N 
40, 
24 
36 
12,15,25 
66.7 
8 
7 
12 
150 @ 1 
High-speed, 
general 
purpose; 
EP910 speed 


44 
upgrade-Low 
Power Standby 
Mode 


PACKAGES: 
D = Ceramic 
Dual In-Line 
Package 
(Windowed 
for UV Erase) 
N = Plastic J-Iead Chip Carrier 
(One-Time 
Programmable) 
P = Plastic Dual In-Line 
Package 
(One-Time 
Programmable) 
M = Military versions 
available 
(some speeds/packages); 
refer to Military 
Handbook 
(210461-009) 
KU = Plastic Quad Flat Pack (One-Time 
Programmable) 


"PAL is a registered 
trademark 
of Advanced 
Micro Devices, 
Inc. 


"GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Corporation. 


PLD 
Packages 
Pins 
Mcells 
110 
tpD 
fCNT1 
tsu 
tco 
IOL 
Ice (mA) 
@ 
Device Type/ Application 
(Regs) 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq. (MHz) 


5C031 
° 
20 
8 
18 
40,50 
22 
30 
24 
4 
40@ 
10 
General 
purpose 
PLDs; interface 
logic, state machine 


sequencers/controllers, 
Flexible 
I/O Architecture 


5C032 
D,P 
20 
8 
18 
30,35,40 
25 
23 
17 
4 
30@25 
General 
purpose 
PLDs; interface 
logic, state machine 


sequencers/ 
controllers 


5C060 
D,P 
24 
16 
20 
45,55 
16.6 
38 
22 
4 
95 @ 96.6 
General 
purpose 
PLDs; interface 
logic, state machine 
N,M 
28 
sequencers/ 
controllers 
, 


5C090 
D,P 
40 
24 
36 
50,60 
16.4 
38 
23 
4 
150 @ 16.4 
General 
purpose 
PLDs; interface 
logic, state machine 
N,M 
44 
sequencers/ 
controllers 


5C180 
N,M 
68 
48 
64 
70,75,90 
12.1 
53 
29 
4 
200 @ 12.2 
General 
purpose 
PLDs; interface 
logic, state machine 


sequencers/ 
controllers 


PACKAGES: 
D = Ceramic 
Dual In-Line Package 
(Windowed 
for UV Erase) 
N = Plastic J-Iead Chip Carrier 
(One-Time 
Programmable) 
P = Plastic 
Dual In-Line Package 
(One-Time 
Programmable) 
M = Military versions 
available 
(some speeds/packages); 
refer to Military 
Handbook 
(210461-009) 


PLD 
Packages 
Pins 
Mcells 
I/O 
tpD 
fCNTl 
tsu 
tco 
IOL 
Icc(mA)@ 
Device Type/ Application 
(Regs) 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq.(MHz) 


5AC312 
D,P 
24, 
12 
22 
25,30 
33.3 
15 
15 
8 
100@33.3 
Advanced 
architecture, 
general 
purpose: 
dual feedback, 
p-term 
N 
28 
allocation, 
2 Set/Reset 
OE p-terms, 
synchronous/ 


asynchronous 
clocks 


5AC324 
D,P 
40, 
24 
36 
25,30 
33 
12.5 
17.8 
8 
175 @ 33 
Advanced 
architecture, 
general 
purpose: 
dual feedback, 
p-term 
N 
44 
allocation, 
2 Set/Reset/OE 
p-terms, 
synchronous I 
asynchronous 
clocks 


I 


...•. 
00 
EXTENDED 
FEATURE 
DEVICES 


PLD 
Packages 
Pins 
Mcells 
1/0 
tpD 
fCNT1 
tsu 
tco 
IOL 
Icc(mA)@ 
Device Typel Application 
(Regs) 
(ns) 
(MHz) 
(ns) 
(ns) 
(mA) 
Freq.(MHz) 


85C220-80/66 
D,P 
20 
8 
18 
10,12 
80 
7 
5.5 
12 
60@80 
High-speed,20-pin PAL/GAL superset (register 
N 
20 
optimized)-'-Low Power Standby Mode 


85C220-100 
N 
20 
8 
18 
7.5 
100 
4.5 
5.5 
24 
115@ 100 
High-speed,24-pin PAL/GAL superset (register 
optimized) 


85C220-7/10 
N 
20 
8 
18 
7.5,10 
74 
7 
6.5 
24 
105 @74 
High-speed,20-pin PAL/GAL superset (tpD optimized) 


85C224-80/66 
D,P 
24, 
8 
22 
10, 12 
80 
7 
5.5 
12 
60@80 
High-speed,24-pin PAL/GAL superset (tpD optimized)- 
N 
28 
Low Power Standby Mode 


85C224-100 
N 
28 
8 
22 
7.5 
100 
4.5 
5.5 
24 
115@ 100 
High-speed, 24-pin PAL/GAL superset (register 
optimized) 


85C224-7/10 
N 
28 
8 
22 
7.5,10, 
74 
7 
6.5 
24 
105 @74 
High-speed,24-pin PAL/GAL superset (register 
15,25 
optimized) 


85C22V10 
D,P 
24 
10 
22 
10,15 
71.4 
7 
7 
16 
130 @ 15 
High-speed,22V10 superset; Invertible CLK, Expanded 
N 
28 
Feedback options 


PACKAGES: 
o = Ceramic Dual In-Line Package (Windowed for UV Erase) 
N = Plastic J-Iead Chip Carrier (One-Time Programmable) 
P = Plastic Dualln-Une Package (One-TIme Programmable) 


opAL is a registered trademark of Advanced Micro Devices, Inc. 
°GAL is a registered trademark of Lattice Semiconductor, Corporation. 
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.r-A/4U 
10 ns FLEXlogic FPGA WITH SRAM OPTION 


• 
High Performance 
FPGA (Field 
Programmable Gate Array) 
- 
Deterministic 
10 ns Pin-to-Pin 
Propagation Delays 
- 
80 MHz System Clock Frequency 


• 
2,500 Equivalent Logic Gates or up to 
5,120 Bits of SRAM 


• 
0.8J.L CMOS Technology 
- 
Power Management Options 
Minimize Active Power Consumption' 
(1 mA/MHz) 
- 
1 mA Standby Version Available 


• 
JTAG 1149.1 Compatible Test Port 
- 
Supports Boundary Scan and In- 
Circuit Reconflguratlon/ 
Programming 


• 
Four Conflgurable 
Function Blocks 
(CFBs) Linked by a 100% Connectable 
Matrix 
-Improves 
Fitting of Complex Designs 


• 
Any CFB Can Be Either 24V10 Logic or 
SRAM Block 
- 
Up to 40 Complex Macrocells 
- 
128 x 10 SRAM Configuration 
- 
CFB Selectable 3.3V or 5V Outputs 
- 
Open-Drain Output Option 


• 
24V10 Macrocell Features 
- 
Dual Feedback on All I/O Pins 
- 
Allocation 
Supports up to 16 Product 
Terms per Macrocell with No 
Performance Penalty 
-12 
Clocking Options 
- 
Flexible Preset/Clear 
Options 
- 
Selectable D/T Flip-FlOps 
- 
Fast 12-Blt Identity Compare Option 


• 
Supported by Industry Standard Design 
and Programming Tools 


43 
290460-1 


Pins 
Package 
Macrocells 
110 
Inputs 
Clocks 
JTAG/Vpp 
Vcc 
GND 


44 
PLCC 
40 
30 
0 
2 
5 
3 
4 


68 
PLCC 
40 
40 
10 
2 
5 
5 
6 


INTRODUCTION 


The 
iFX740 
is the 
second 
member 
of 
the 
Intel 
FLEXlogic 
FPGA 
(Field 
Programmable 
Gate Array) 
family. 
The 
iFX740 
consists 
of 
four 
configurable 
function 
blocks 
(CFBs) linked by a 100% 
connecta- 
ble 
matrix. 
Each 
CFB 
can 
be defined 
either 
as a 
24V10 
logic block or as a block of 128 x 10 SRAM. 


This 
combination 
will 
provide 
approximately 
2,500 
gates of logic in a choice 
of two PLCC packages. 


FLEXIBLE 
PERFORMANCE 


The iFX740 uses Intel's 0.8/A- CHMOS 
EPROM tech- 
nology to provide 
an 80 MHz external 
clock frequen- 
cy with predictable 
10 ns pin-to-pin 
delays. 
This ad- 
vanced 
process 
technology 
combined 
with 
power 
management 
options 
enables 
very 
low active 
and 
standby 
power 
consumption. 


The unique combination 
of features 
available 
in the 
iFX740 
makes 
it ideal for a wide variety 
of applica- 
tions. 
For example, 
the high performance 
and flex- 
ible clock 
options 
provided 
are designed 
to support 
functions 
such as bus control, 
custom 
cache control, 
and DRAM control 
for the current 
and next genera- 
tion 
of Intel 
microprocessors. 
The very 
low power 
consumption 
and 
user selectable 
5V /3.3V 
outputs 
allow the iFX740 to be used in mixed voltage 
appli- 
cations 
such 
as 
portable 
or 
embedded 
systems 
where 
CPUs operating 
at 3.3V still need to commu- 
nicate to 5V peripherals. 
The combination 
of SRAM 
and logic in a single 
device 
becomes 
a big advan- 
tage when 
designing 
communication 
controllers 
or 
bus interface 
controllers 
where 
memory 
is required 
for buffering 
data in addition 
to the logic for the con- 
troller 
design 
itself. 


The 
iFX740 
also 
provides 
dedicated 
JT AG 1149.1 
compatible 
pins to support 
boundary 
scan, in-circuit 
reconfiguration, 
and programming 
modes. 
In-circuit 
reconfiguration 
not only allows the designer 
ultimate 
flexibility 
in prototyping 
new designs 
but also 
sup- 
ports applications 
where the final configuration 
is not 
fixed. New configurations 
may be downloaded 
to the 
iFX740 
upon power-up 
to reflect 
changes 
in system 
organization 
or design 
requirements 
that cannot 
be 
determined 
at production 
time. 


The FLEXlogic 
FPGA family is supported 
by industry 
standard 
design 
entry/programming 
environments 


including 
Intel's 
PLDsheli 
Plus software. 
This 
soft- 


ware 
runs 
on 
Intel386™ 
or higher 
PC-compatible 
platforms. 


The Global 
interconnect 
Matrix that connects 
each 
of the CFB blocks 
is 100% connectable. 
Any combi- 


nation of signals in the matrix can be routed into any 
CFB block, 
up to the maximum 
fan-in 
of the block 


(24). 


This 
high 
degree 
of 
connectivity 
between 
CFB 
blocks 
eliminates 
routing 
problems 
during rework 
of 


a complex 
design. 


Each 24V10 
block contains 
a product 
term array, a 
P-Term Allocation 
circuit, 
10 macrocells, 
clocks 
and 
I/O logic in the familiar architecture 
of a simple PLD. 


The 
24V10 
CFB blocks 
have a generous 
fan-in 
to 
macrocell 
ratio (2.4:1). This improves 
the fitting 
ca- 


pacity of the iFX740 
architecture 
by providing 
more 
available 
interconnect 
lines from the global intercon- 
nect matrix for each macrocell. 


The 24V10 
blocks 
also 
provide 
two 
asynchronous 
Clear/Preset 
control 
terms 
and two Output 
Enable 
control 
terms 
(with 
an inversion 
option 
for 
each). 


Within each 24V10 block an identity 
compare 
circuit 
is available 
that can perform 
a compare 
of up to 12 
bits within the tpD of the device. 


VCC 
GND 


Block Level 
OE Controls 


Sync/Delayed 0 


Async 


Global 
Interconnect 


Each 
I/O 
of the device 
has dual (internal 
and pin) 
feedback 
paths 
(see Figure 
2). This allows 
macro- 
cells to be used for buried 
logic while 
the I/O 
pins 
are used as inputs. Depending 
on the package 
used, 
some macrocell 
outputs 
may not be brought 
outside 
the package. 
These 
I/Os 
may still be used to pro- 
vide buried logic since internal feedback 
is available. 
The 
macrocells 
can be configured 
either 
as a fast 
combinatorial 
block, a D-register, 
or aT-register. 
J/K 
and SIR registers 
are available 
as software 
emula- 
tions. 


There 
are three 
clocking 
modes 
available 
for every 
macrocell 
(see 
Figure 
3): synchronous, delayed, 
asynchronous. Table 
1 shows 
the 
different 
timing 
options 
each clock 
mode offers. 


Synchronous is the standard 
clock 
mode where the 
register 
clock 
is driven 
directly 
from one of the two 
global clock 
pins. 


Svncbronous 
~ 
I 
_ 
Macrocell 
CLK 
PIN O~----_·~--- 


Delavelj 
delay 
r· 
I 
CLK PIN ~ 
Macrocell 


Asvocbrooous 


ANY SIGNAL 


Delayed clock is similar to synchronous, but there is 
a local delay added (within the CFB) to either of the 
two synchronous 
clock 
signals. 


Asynchronous 
mode 
is where 
the 
register 
clock 
uses one of the two local CFB ACLK product 
terms. 


• 


Mode 
Tsu 
THOLD 
Teo 


Synchronous 
6 
0 
6 


Delayed 
4.5 
2 
8 


Asynchronous 
2 
5 
12 


Mode 
Tsu 
THOLD 
Teo 


Synchronous 
6 
0 
6.5 


Delayed 
4.5 
2 
8.5 


Asynchronous 
2 
5 
12 


In addition, each clocking mode may be inverted to 
allow the macrocell register to be clocked either on 
the rising or falling edge of the clock signal. This 
combination provides up to twelve different clock 
options for each macrocell. 


There are 4 control signals in each CFB in addition 
to the clocks (see Figure 4). These include two Out- 
put Enable (OE) signals, and two asynchronous 
Clear/Preset signals. Each control signal is generat- 
ed by a single product term from the local 24V10 
AND array with an inversion option. This allows mul- 
tiple product term control equations to be imple- 
mented. 


Each 24V10 block provides a comparator circuit 
(see Figure 5). This circuit can do an identity com- 
pare of up to 12 signals within the TPD of the device. 


ClK1 
Delayed ClK1 


ClK2 
Delayed ClK2 


Global 
Interconnect 
24 


AClK1 


AClK2 


Local 
Array 


• 
• 
• 
• 
• 
• 
290460-6 


~ 
Ax/Bx = Fan-in Pair 


Ex = Architecture 
Control Bit 


fli 


The number of bits that can be compared is only 
limited by the fan-in of the CFB. Since the fan-in is 
24 signals, a 12-bit comparator is the maximum im- 
plementation possible. 


When less than 12 bits are being compared, the oth- 
er signals available from the Interconnect Matrix can 
be used in equations. For instance, doing an 8-bit 
compare still leaves 8 other signals on the block fan- 
in (24 - 
16 = 8). The bits being compared may also 
be used to implement SOP logic in parallel with the 
compare function. 


The output of the comparator circuit may be used in 
place of any of the product term pairs in the product 
term allocation logic allowing the compare result to 
be used in any macrocell. However, only one of the 
ten macrocells in the CFB can use the comparator 
output. 


The iFX740 uses the patented Intel product term al- 
location scheme, which gives better utilization of the 
P-term resources without the performance penalty 
of other approaches. The P-terms are typically 
grouped into sets of two product terms each, and 
there are two sets per macrocell. 


Each macrocell may borrow from adjacent macro- 
cells in order to increase the total number of P-terms 
to a maximum of 8. In addition, the macrocells locat- 
ed at the "ends" of each CFB have access to addi- 
tional product terms and can support up to 16 
P-term equations (see Figure 6). The performance of 
any macrocell is the same whether 2 or 16 P-terms 
are being used. 


SRAM Configuration 


Each 
iFX740 
CFB 
block 
can 
be configured 
as a 
128 x 10 (128 words 
by 10 bits) SRAM 
block 
(see 
Figures 
7 and 8). The SRAM 
is accessed 
in a con- 
ventional 
manner by using 7 bits of the 24 signal fan- 
in as address 
information 
and 
10 bits 
as data-in. 
Three 
bits are used for BE (Block 
Enable), 
WE, and 
OE controls 
(see Table 
1). 


Table 
1. SRAM Function 
Table 


Inputs 
Cycle 
I/O Pins 
BE 
WE 
OE 


1 
X 
X 
None 
Disabled 


0 
1 
1 
Read 
Disabled 


0 
1 
0 
Read 
Enabled 


0 
0 
1 
Write 
Disabled 


0 
0 
0 
Write 
Enabled 


It is possible 
to define the SRAM memory either with 
a bidirectional 
I/O data bus or with a separate 
input 
data bus and output 
data bus. 


The SRAM memory bits are initialized 
by the on-chip 
non-volatile 
configuration 
cells 
during 
power-up. 
Therefore, 
the data in the SRAM can be pre-config- 
ured at programming 
time. 
As long as no memory 
writes to this block are executed, 
the SRAM will con- 
tain a copy of the nonvolatile 
cells. 
In this way, the 
SRAM 
block 
can 
be 
used 
as read 
only 
memory 
(ROM). 


When a CFB is configured 
as a SRAM, regular Sum- 
of-Product 
logic 
is unavailable 
in that 
block. 
All of 
the macrocells 
and p-terms 
have been converted 
to 
SRAM 
use. 


Different 
sized SRAM organizations 
are possible 
by 
cascading 
multiple 
CFBs 
to increase 
the 
width 
or 
depth of the memory. 


Input Configuration 


Inputs, as well as I/O 
pins that are used as inputs, 
can be optimized 
for minimum 
standby 
current 
dur- 
ing 
either 
CMOS 
or TTL 
operation 
by using 
the 
"CMOS_LEVEL" 
and 
"TTLLEVEL" 
keywords 
available 
in 
the 
PLDasm 
design 
language 
of 
PLDshell 
Plus. 
For 
5V 
CMOS 
inputs, 
the 
"CMOS_LEVEL" 
keyword 
(the default 
condition 
for 
PLDasm) 
should 
be used. 
For TTL or 3.3V CMOS 
inputs, the "TTLLEVEL" 
keyword 
should 
be used 
to minimize 
standby 
power consumption. 
Third party 
tools that support 
the FLEXlogic 
family provide 
input 
configuration 
in a method 
specific 
to each tool. For 
Additional 
information 
refer 
to 
Application 
Brief 
AB-27. 


3.3V SELECTION 


The pins in an I/O block can operate 
at 3.3V by tying 
the appropriate 
Veea 
pins to a 3.3V power 
supply. 


While 
the 
iFX740 
still requires 
5V Vee 
for normal 
operation, 
the Veea 
pin associated 
with each 
CFB 
block may be connected 
to either 5V or 3.3V to con- 
trol the output voltages 
of the I/O pins in that block. 


This allows the iFX740 to be used in mixed voltage 
systems. 
For example, 
the 
iFX740 
device 
may be 
used as an interface 
to bridge between 
a 3.3V CPU 
and 5V peripheral 
logic. In addition, 
all input pins are 
5V safe so mixing 3.3V outputs and 5V inputs is sup- 
ported. 


The 
device 
can 
also 
be configured 
to enable 
an 
open drain output option for each I/O pin. If desired, 
more complex 
equations 
can be implemented 
by us- 
ing multiple 
open 
drain 
outputs 
with 
an externally 
supplied 
pull-up resistor to emulate 
an additional 
OR 
plane. 


TTL VERSUS 
CMOS 
OUTPUTS 


There is a weak pullup provided 
for CMOS-compati- 
ble outputs. 
This pullup is always active in both 3.3V 
and 5V modes. 


The 
JTAG/IEEE 
1149.1 
Standard 
Boundary 
Scan 
architecture 
is implemented 
in the iFX740. 
This fea- 
ture supports 
fault isolation 
testing 
of board designs 
at the 
component 
level 
and 
enhances 
production 
testing, 
field 
repair, 
and 
is ideal 
for Fault 
Tolerant 
applications. 


The iFX740 
boundary 
scan 
support 
consists 
of an 
Instruction 
Register, 
a Data Register, 
scan cells, and 
associated 
logic 
which 
are 
accessed 
through 
the 
Test Access 
Port (TAP). The TAP interface 
consists 
of three 
inputs: Test Mode Select 
(TMS), Test Data 
In (TD\) and Test Clock (TCK), and one output: 
Test 
Data Out (TDO). 


The boundary 
scan cells of the iFX740 external 
sig- 
nals are linked to form 
a shift register 
chain 
for all 
active pins. This chain provides 
a path which can be 
used to shift in test stimulus 
as well as shift out test 
response 
data for inspection. 


For example, 
a continuity 
test may be performed 
be- 
tween two JT AG devices 
on a circuit board by plac- 
ing a known value on the output 
buffers 
of one de- 


• 


CLK1 
CLK1 
Delayed 
CLK1 


CLK2 
Delayed 
CLK2 


7 
Address 


10 
Data In 


BE 


OE 
SRAM 


WE 


vice while 
observing 
the input 
buffers 
of the other 
device. 
This 
same 
technique 
may be used to per- 
form simple in-circuit 
functional 
testing of the iFX740 
for prototyping 
new system 
designs. 


The 4-pin JTAG test interface 
is also used for stan- 
dard programming, 
in-circuit 
reconfiguration, 
and in- 
circuit 
programming. 


Boundary Scan Instructions 


The iFX740 
boundary 
scan Instruction 
Register 
(IR) 
supports 
public 
instruction 
opcodes, 
extended 
in- 
struction 
opcodes 
used 
for 
the 
ProgramlVerify 
modes, 
and additional 
Intel private 
instructions. 


Public Instructions 


EXTEST 
(IR opcode 
00000 
binary): 


The EXTEST instruction 
drives the output pins to the 
values 
contained 
in the boundary 
scan 
cells which 
allows 
testing 
of 
circuitry 
external 
to 
the 
iFX740 
package, 
typically 
for printed 
circuit 
board 
intercon- 
nects. 


The BYPASS 
instruction 
selects 
the one bit ByPass 
Register, 
(BPR), to be connected 
to TDI and TDO. 


The SAMPLE/PRELOAD 
instruction 
is used for two 
functions. 
The SAMPLE/PRELOAD 
instruction 
1) al- 
lows 
a snapshot 
of the 
values 
of the 
pins 
of the 


iFX740 
in an unobtrusive 
manner 
and 
2) preloads 
data to the iFX740 
pins to be driven 
to the system 
circuit 
board 
when 
executing 
the 
EXTEST 
instruc- 
tion. 


The IDCODE instruction 
selects 
the ID code register 
to 
be 
connected 
to 
TDI 
and 
TDO 
allowing 
the 
IDcode 
to be serially shifted 
out of TDO. 


The 
UESCODE 
instruction 
selects 
the 
User 
Elec- 
tronic 
Signature 
(UES) register 
to be connected 
to 
TDI and TDO allowing 
the UES code 
to be serially 
shifted 
out of TDO. 


The 
HIZ instruction 
sets 
all I/Os 
to a high imped- 
ance state. 


The 
iFX740 
supports 
in-circuit 
reconfiguration 
and 
in-circuit 
programming 
through 
the use of the 4-pin 
JTAG 
test 
port. 
Downloading 
a new 
configuration 
can be accomplished 
by simply shifting the new data 


into the device. 


This 
may be done 
as many 
times 
as desired 
in a 
prototyping 
scenario. 
Once 
the final version 
of the 
design 
is confirmed 
it may be programmed 
into the 
non-volatile 
cells so that the configuration 
will not be 
lost even when the power 
is turned 
off. This is also 
done through 
the use of the JT AG test port plus the 
programming 
voltage 
pin (Vpp). 


For 
more 
details 
on 
in-circuit 
reconfiguration 
and 
• 
programming 
please refer to the iFX740 
Device Pro- 
gramming 
and 
In-Circuit 
Reconfiguration 
Specifica- 
tion and supporting 
application 
notes. 


A programmable 
security 
bit controls 
access 
to the 
data programmed 
into the device. Once this security 
bit is set, the design 
cannot 
be read out of the non- 


volatile cells or the SRAM. The state of the nonvola- 
tile security 
bit at power-up 
determines 
access 
and 
cannot 
be changed 
by in-circuit 
reconfiguration. 


PLDshell 
Plus is a sophisticated 
development 
tool 
for Intel programmable 
logic and is all you need to 
begin 
designing 
with 
Intel 
FPGAs. 
With 
PLDshell 
Plus, you can develop, 
compile, 
and 
simulate 
effi- 
cient designs 
for Intel FPGAs and PLDs. 


PLDshell 
Plus includes 
several 
enhancements 
over 
earlier versions: 


-Design 
Merge 
-SRAM 
Configuration 
Support 
-Compare 
Operation 
Support 
-Simulation 
Support 
for Intel FPGA 
- Vector 
Notation 
-Full 
Mouse 
Support 
-Device 
Selector 


PLDshell 
Plus can merge 
multiple 
PDS design 
files 
into any Intel 
PLD, including 
the 
Intel iFX740. 
The 
Merge function 
makes 
it easy for designers 
to con- 
solidate 
multiple 
PLDs 
into a single, 
high-perform- 
ance FPGA or PLD. 


PLDshell Plus supports all of the innovative architec- 
tural features of the iFX740 through the implementa- 
tion of new language syntax such as: 
- 
SRAM configuration 
- 
Compare operation 
- 
Buried macrocells 
- 
Clocking options 
- 
3.3V and 5V options 


PLDshell Plus allows the designer to simulate the 
internal function of any Intel FPGA or PLD for rapid 
design verification. 


PLDshell Plus provides the following simulation ca- 
pabilities: 
- 
Event-driven simulation of combinatorial, reg- 
istered, and state machine designs 
- 
Ability to set any input, preload any register, 
and compare any output against an expected 
value 
- 
Ability to group signals together (form a vec- 
tor) to simulate a bus 
- 
Generation of test vectors from simulation re- 
sults for inclusion in the JEDEC file 
- 
Simulation history file with ability to output a 
subset of signals to a secondary trace file 


The designer can develop the logic design first, and 
then use the PLDshell Plus device selector to pick a 
list of appropriate devices. After a design is com- 
piled or estimated through PLDshell Plus a report file 
is generated. Contained in the report file is a listing 
of suggested devices appropriate for the target de- 
sign. 


Listed below are the minimum requirements for a 
system in order to use PLDshell Plus: 
- 
Intel 386 based PC compatible 
- 
4MB RAM (minimum) 
- 
VGA monitor/adaptor 
- 
DOS 3.1 (or later) 


THIRD-PARTY 
SUPPORT 
DESIGN 
SOFTWARE 


Third party tools support will be provided by the fol- 
lowing vendors: 


• Cadence 
- 
Composer'; 
Comprehensive suite of design 
entry, debug and documentation capabilities. 


- 
Verilog-XL': Digital logic simulator and interac- 
tive debug environment. 


• Data I/O 
- 
ABEL': Design software allowing you to de- 
scribe and implement logic designs. 


• Logical Devices 
- 
CUPL': High level, universal design software 
package. 


• Mentor Graphics 
- 
Design Architect': Integrated system of sche- 
matic, symbol, and text editors for capturing 
designs. 
- 
QuickSim': High performance logic simulator 
for function and performance verification. 
\ 


• Minc 
- 
PLDesigner-XL': Powerful design tool that can 
be used for all types of programmable logic 
with automatic device selection, automatic 
partitioning and functional simulation. 


• OrCAD 
- 
PLD Tools' 
Schematic Design Tool': 
Soft- 
ware tool environment including schematic en- 
try, test vector generation and multiple forms 
of input. 


- 
Verification/Simulation Tool'; 
Series of soft- 


ware tools for performing timing-based simula- 
tion of designs. 


• Viewlogic 
- 
ViewPLD' & Powerview': Integrated schemat- 
ic capture and simulation environment. 


• Logical 
Devices 
-ALLPRO 
Programming 
Support 
will be provided 
by a number 
of leading vendors, 
such as: 
• SMS 
-Sprint 
Plus 
• Products 
in Motion 
(916) 363-0571 
-PROTAG 
JTAG Programmer 


• BP Microsystems 
-PLD 
1100 


• Data I/O 
-Unisite 
-2900/3900 


• Elan 
-Model 
6000 


• Advin Systems 
Inc 
-PILOT-U84 
-PILOT-U40 


Simulation 
models 
will be provided 
by the following 
vendors: 


Smart 
Model: 
Device 
model 
support 
for behavioral 
simulation 
through 
a variety of simulators. 


fCNT1 
FMAX 
tpD 
158 
Icc 
Order 
Code 
Package 
(MHz) 
(MHz) 
(ns) (mA) 
(mA/MHz) 


80 
100 
10 
20 
1.0 
N68FX740-10 
68-Pin PLCC 


N44FX740-10 
44-Pin PLCC 


50 
66.7 
15 
20 
1.0 
N68FX740-15 
68-Pin PLCC 


N44FX740-15 
44-Pin PLCC 


80 
100 
10 
1 
1.0 
N68FX740Z-10 
68-Pin PLCC 


N44FX7 40Z-1 0 44-Pin PLCC 


50 
66.7 
15 
1 
1.0 
N68FX740Z-15 
68-Pin PLCC 


N44FX740Z-15 
44-Pin PLCC 


fli 


Supply Voltage 
(Vecl(1) 
-2.0V 
to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


DC Input Voltage 
(VI)(1, 2) 
-0.5V 
to Vee +0.5V 


Storage Temperature 
(tst9) 
-65°C 
to + 150°C 


Ambient 
Temperature 
(tamb)(3) 
-10°C 
to + 85°C 


NOTES: 
1. Voltages 
with respect 
to ground. 
2. Minimum 
DC input 
is -0.5V. 
During 
transitions, 
the inputs 
may undershoot 
to 
- 2.0V or overshoot 
to + 7.0V for periods 
less than 20 ris under no load 
conditions. 
3. Under 
bias. 
Extended 
temperature 
versions 
are 
also available. 


NOTICE: 
This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change 
without 
notice. 
Verify with your local 
Intel 
Sales office that you have the latest data sheet be- 
fore finalizing a design. 


• WARNING: Stressing the device beyond the ''Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


VeelVeeo 
Supply Voltage 
- 5V 
4.75 
5.25 
V 


Veeo 
Output Supply Voltage 
-3.3V 
3.0 
3.6 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Veeo 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


VIH(5) 
High Level Input Voltage 
2.0 
Vee +0.3 
V 


VIL(5) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
5V TTL High Level Output 
2.4 
V 
I/O = -4.0 
mA D.C., Vee = Min. 


5V CMOS High Level Output 
Vee -0.2 
V 
I/O = - 20 /LA D.C., Vee = Min. 


3V High Level Output Voltage 
Vee -0.2 
V 
I/O = -20 
/LA D.C., Vee = Min. 


VOL 
5V Low Level Output Voltage 
0.45 
V 
I/O = 12 mA D.C., Vee = Min. 


3V Low Level Output Voltage 
0.2 
V 
I/O = 20 /LA D.C., Vee = Min. 


11(10) 
Input Leakage Current 
±10 
/LA 
Vee = Max., VIN = GND or Vee 


loz 
Output 
Leakage Current 
±50 
/LA 
Vee = Max., VOUT = GNDorVee 
Isd6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = Max., VOUT = 0.5V 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


15B 
Standby 
Power Supply 
20 
mA 
VIN = VCC or GND, Outputs Open 


Current FX740 


Standby 
Power Supply 
1 
mA 
Current FX740Z 


Icc 
Power Supply Current 
1 
mA 
VIN = Vcc or GND, 
Active 
FX740 
per 
Device Programmed 
a Two 20-Bit 


MHz 
Counters 


Power Supply Current 
1 
mA 
FX740Z 
per 
MHz 


NOTES: 
• 
4. Typical 
values 
are at TA = 2S"C, Vcc 
= SV. 


S. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
and tester 
noise 
are included. 
Do 
not attempt 
to test these 
values 
without 
suitable 
equipment. 


6. Not more than 
1 output 
should 
be tested 
at a time. Duration 
of that test should 
not exceed 
1 second. 
10. Input leakage 
current 
on JT AG pins: ± 2S I-'A. 


51 
..-SV 
INPUTJ,.SV 
-- 
TEST 
POINTS_E 


TO TEST 
SYSTEM 
OUTPUT 
J'.SV+--TEST 
POINTS-E 


290460-12 


DEVICE 
OUTPUT 


(INCLUDES 
JIG 
CAPACITANCE) 


NOTE: 
Inputs 
are driven 
at 3.0V for a Logic 
"1" 
and OV 
for a Logic "0". Timing 
measurements 
are made 
at 1.SV. Outputs 
are measured 
at 1.SV. Device 
in- 
put rise and fall times 
<3 
ns. 


Commercial 
Specification 
S1 
CL 
Measured 
Output 
Value 


R1 
R2 


tpD 
Closed 
1.5V 


tpzx 
Z -+ H:Open 
35 pF 
1.5V 
Z -+ L:Closed 
3300 
2000 


tpxz 
H -+ Z:Open 
5 pF 
H -+ Z:VOH 
- 
0.5V 


L -+ Z:Closed 
L -+ Z:VOl 
+ 0.5V 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Units 


CIN 
Input Capacitance 
VIN = 2V. f = 1.0 MHz 
10 
12 
pF 


CIO 
I/O Capacitance 
VOUT = 2V. f = 1.0 MHz 
12 
15 
pF 


CClK 
Clock Pin Capacitance 
VOUT = 2V. f = 1.0 MHz 
15 
18 
pF 


Cvpp 
Vpp Pin Capacitance 
f = 1.0 MHz 
12 
15 
pF 


NOTES: 
7. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci· 
tance. 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 


(TA = o·C to +70·C, 
VCC = 5.0V 
±5%) 


-10 
-15 
Symbol 
Parameter 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 


tpD 
Input or lID to Output Valid 
10 
15 
ns 


tpZX(B) 
Input or lID to Output Enable 
12 
18 
ns 


tpXZ(B) 
Input or lID to Output Disable 
12 
18 
ns 


telA 
Input or lID to Asynchronous 
Clear/Preset 
15 
20 
ns 


teOMP 
Comparator 
Input or lID Feedback 
10 
15 
ns 
to Output Valid 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fCNT1 
Max Counter 
Frequency 
1/(tsu 
+ teo1) • 
83.3 
80 
71.4 
MHz 
External 
Feedback 


fCNT2 
Max Counter 
Frequency 
83.3 
80 
74.1 
MHz 
1/(tCNT) - Internal Feedback 


fMAX 
Max Frequency 
(Pipelined) 
100 
92.9 
80 
MHz 
1/(tep) 
- No Feedback 


tsu 
Input or I/O Setup Time to ClK 
6 
4.5 
2 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
5 
ns 


teo1 
ClK 
to Output Valid 
6 
8 
12 
ns 


teo2 
ClK 
to Output Valid Fed Through 
16 
18 
22 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to 
12 
12.5 
13.5 
ns 
Register 
Input-Internal 
Path 


tel 
ClKlowTime 
4.5 
4.5 
5 
ns 


tCH 
ClK 
High Time 
4.5 
4.5 
5 
ns 


tcp 
ClK 
Period 
10 
10.5 
12.5 
ns 


REGISTER 
MODE-iFX740-10 
CLOCK A.C. CHARACTERISTICS 
(TA = O·C to +70·C, 
VCC = 5.0V 
±5%) 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fCNT1 
Max Counter 
Frequency 
1/(tsu 
+ te01)· 
80 
76.9 
71.4 
MHz 
External 
Feedback 


fCNT2 
Max Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/(tCNT) - Internal Feedback 


fMAX 
Max Frequency 
(Pipelined) 
100 
92.9 
80 
MHz 
1/(tep) 
- No Feedback 


tsu 
Input or I/O Setup Time to ClK 
6 
4.5 
2 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
5 
ns 


te01 
ClK 
to Output Valid 
6.5 
8.5. 
12 
ns 


te02 
ClK 
to Output Valid Fed Through 
16.5 
18.5 
22.5 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to 
12.5 
13 
14 
ns 
Register 
Input-Internal 
Path 


tCl 
ClK 
low 
Time 
4.5 
4.5 
5 
ns 


tCH 
ClK 
High Time 
4.5 
4.5 
5 
ns 


tcp 
ClK 
Period 
10 
I 
10.5 
12.5 
ns 


NOTE: 
8. Tpzx and tpxz are measured at ± O.5V from steady state voltage as driven by specified output load. tpxz is measured 
with A CL = 5 pF. Z -+ Hand Z -+ l are measured at 1.5V on output. 


REGISTER 
MODE-iFX740-15/iFX740Z-15 
CLOCK A.C. CHARACTERISTICS 
(TA = O·C to + 70·C, Vcc = 5.0V ± 5%) 


Symbol 
Parameter 
Synchronous 
Del~yedSync 
Async 
Units 


Min 
Max 
Min 
Max 
Min 
Max 


fCNT1 
Max Counter 
Frequency 
1/(tsu + tC01)- 
50 
50 
50 
MHz 


External 
Feedback 


fCNT2 
Max Counter 
Frequency 
50 
50 
50 
MHz 
1/(tCNT) - Internal Feedback 


fMAX 
Max Frequency 
(Pipelined) 
66.7 
62.5 
62.5 
MHz 
1/(tcp) 
- No Feedback 


tsu 
Input or I/O Setup Time to ClK 
11 
8 
3 
ns 


tH 
Input or I/O Hold Time from ClK 
a 
2 
6 
ns 


te01 
ClK 
to Output Valid 
9 
12 
17 
ns 


tC02 
ClK 
to Output Valid Fed Through 
24 
27 
32 
ns 
Combinatorial 
Macrocell 


tCNT 
Register 
Output Feedback 
to 
20 
20 
20 
ns 
Register 
Input-Internal 
Path 


teL 
ClKlowTime 
7 
7 
7 
ns 


tCH 
ClK 
High Time 
7 
7 
7 
ns 


tcp 
ClK 
Period 
15 
15 
15 
ns 


COMBINATORIAL OR 
REGISTERED OUTPUT 


HIGH IMPEDANCE 
3-5TATE 


ASYNCHRONOUS 
ClEARIPRESET 
OUTPUT 


II 


VALID 
INPUT 


-10 
-15 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


tRC 
Read Cycle Time 
15 
20 
ns 


tAA 
Address 
Access Time 
15 
20 
ns 


tABE 
Block Enable Access Time 
15 
20 
ns 


tOE(1) 
Output Enable to Output Valid 
12 
15 
ns 


toH 
Output Hold from Address 
Change 
2 
3 
ns 


tBLZ(1) 
Block Enable to Output in Low Z 
3 
5 
ns 


tBHZ(1.2) 
Block Disable to Output in High Z 
10 
15 
ns 


toLZ(1) 
Output Enable to Output in Low Z 
3 
5 
ns 


DATA 


OUT 


·10 
·15 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


twc 
Write Cycle Time 
15 
20 
ns 


tsw 
Block Enable to End of Write 
10 
13 
ns 


tAW 
Address 
Valid to End of Write 
13 
17 
ns 


tAS 
Address 
Set-up Time 
3 
4 
ns 


twP 
Write Pulse Width 
10 
13 
ns 


tWR 
Write Recovery 
Time 
2 
3 
ns 


tow 
Data Valid to End of Write 
10 
13 
ns 


tOH 
Data Hold Time 
2 
3 
ns 


tOHZ(1. 2. 3) 
Output Disable to Valid Data In 
10 
13 
ns 


NOTES: 
1. These 
signals 
are measured 
at ± O.5V from steady 
state voltage 
as driven 
by specified 
output 
load. Z -+ Hand 
Z -+ 
L 


are measured 
at 1.5V on output. 


2. These 
signals 
are measured 
with CL = 5 pF. 


3. Does not apply for separate 
data in and data out buses. 


W 
- 
- 
- 
- 
"/ 
)/ 
/\. 
\.. 


--./V 
- 
tAW 
- 
- 
. 


'\, 
/ 
\.. 
/ 


.- 
tAS - 
..- 
twP 
- 


.-t~ 
- 
- 
-- 
- 
"~ 
/ 


..- 
toHZ 
- 


_ 
tow_ 
~~ 
-- 
- - - -- 


OUT 
,,/ 
IN 
" 
/'- 
/ 
DATA 
IN/OUT 


II 


DATA 


IN/OUT 


WC 
- 
- 
"V 
)/ 
/i'.. 
" 


/ 
-/' 
- 
tAW 
.. 
- 
- 
" 
/ 
"'- 
/ 


tAs 
taw 
tWR 
- 
.. - 
.. - .. 
- 
- 
I 


- 
10HZ 
~ 
_tow 
~OH•• 
- 
~ - 
- 
" 
/ 
" 
OUT 
/ 
" 
IN 
/ 


120 
110 
100 
90 
80 
lee (mA) 
70 
60 
SO 
40 
30 
20 
10 


......- 
-- 
......- 
.,- 
.,- 
....,., 
....- 
-- 
.,- 
.,- 
......- 
....- 
......- 
.,- 
....,., 
-- 


FX740 


FX740Z 


10 
20 
30 
40 
50 
60 
70 
80 


fCNT(MHz) 


Conditions: 
TA = +2SoC, 
VCC = sv 


(Note: Two 20-bit counters) 


POWER-UP 
RESET 
CHARACTERISTICS 
Because 
Vcc rise can vary significantly 
from one ap- 
plication 
to another. 
Vcc 
rise must 
be monotonic. 


The power-up 
cycle is complete 
within a delay of tpR 
after VCC reaches 
the VON value. 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
100 J-tsMax 


VON 
Turn-On 
Voltage 
4.75V Min 
Internal 
power-up 
reset circuits 
ensure 
that 
all flip- 
flops 
will be reset to a logic 0 after the device 
has 
powered-up. 
Also, the JT AG TAP controller 
will be 
put into the Test-Logie-Reset 
state. The outputs 
on 
an unprogrammed 
device will power-up 
in a high im- 
pedance 
state. 


Table 4 lists the dedicated 
pin names and descriptions. 


Table 
4. Dedicated 
Pins 


Pin 
Description 
Name 


Vcc 
Supply voltage for the iFX740. All must be connected 
to 5V. 


VSS 
Ground connections 
for the iFX740. All must be connected 
to GND. 


Vpp 
Programming 
voltage for the iFX740. During programming, 
12.75V must be supplied 
to this pin. 
When not in programming 
mode, this pin may be connected 
to Vcc. Vpp or left floating 
(not GND). 


INx 
Input only pins. These pins may not be available 
on all packages. 
Unused inputs should be 
connected 
to Vcc or GND. 


TDI 
The Testability 
Data input is the boundary 
scan serial data input to the iFX740. JT AG instructions 
and data are shifted into the iFX740 on the TDI input pin on the rising edge of TCK. TDI may be left 
floating 
if unused. 


TOO 
The Testability 
Data Output is the boundary 
scan serial data output from the iFX740. JTAG 
instructions 
and data are shifted out of the iFX740 on the TOO output on the failing edge of TCK. 


TCK 
The Testability 
Clock input provides 
the boundary 
scan clock for the iFX740. TCK is used to clock 
state information 
and data into and out of the iFX740 during boundary 
scan or programming 
modes. 


The maximum 
operating 
frequency 
of the boundary 
scan test clock is 8 MHz. TCK may be left 
floating 
if unused. 


TMS 
The Testability 
Control input is the boundary 
scan test mode select for the iFX740. TMS may be left 


floating 
if unused. 


Table 5 lists the user-defined 
pin names and descriptions. 


Table 
5. User-defined 
Pins 


Pin 
Description 
Name 


Vccox 
Supply voltage 
for the outputs 
of the CFBs. Connecting 
these pins to + 5V causes the CFB to 
output 5V signals. Connecting 
these pins to + 3.3V causes the CFB to output 3.3V signals. These 
pins must always be connected 
to the desired output drive voltage. 


CLKx 
Global clocks. 


I/Oxx 
Pins that can be configured 
either as an input or an output. Unused I/O pins should be connected 
to VCC or GND. 
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68-PIN PLCC PACKAGE 


18 
(VCCOO) 
111 CLKl , 
, 
20 
lVPPl 
(VCC01)17 
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INO 16 
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(.) 
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Z 
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iFX780 
10 ns FLEXlogic FPGA WITH SRAM OPTION 


• 
High Performance FPGA (Field 
Programmable Gate Array) 
- 
Deterministic 10 ns Pin-to-Pin 
Propagation Delays 
- 
80 MHz System Clock Frequency 


• 
5,000 Equivalent Logic Gates or up to 
10,240Bits of SRAM 


• 
0.8f.L CMOSTechnology 
- 
Power Management Options 
Minimize Active Power Consumption 
- 
Zero Power Option Available 


• 
JTAG 1149.1Compatible Test Port 
- 
Supports Boundary Scan and In- 
circuit Reconfiguration/Programming 


• 
Eight Configurable Function Blocks 
(CFBs) Linked by a 100% Connectable 
Matrix 
-Improves 
Fitting of Complex Designs 


• 
Any CFB can be either 24V10 Logic or 
SRAM Block 
- 
Up to 80 Complex Macrocells 
-128 
x 10 SRAM Configuration 
- 
CFB Selectable 3.3V or 5V Outputs 
- 
Open-Drain Output Option 


• 
24V10 Macrocell Features 
- 
Dual Feedback on All I/O Pins 
- 
Allocation Supports up to 16 Product 
Terms Per Macrocell with No 
Performance Penalty 
-12 
Clocking Options 
- 
Flexible Preset/Clear Options 
-Selectable 
D/T/JK/SR 
Flip-Flops 
- 
Fast 12-Bit Identity Compare Option 


• 
Supported by Industry Standard Design 
and Programming Tools 


Qj' 3ii2_IIWIIIIIIWIII_~) 
PIN'- 
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Pins 
Package 
Macrocells 
I/O 
Inputs 
Clock 
JTAG/Vpp 
Vcc 
GND 


84 
PLCC 
80 
60 
0 
2 
5 
8 
9 


132 
PQFP 
80 
80 
22 
2 
5 
10 
13 


The iFX780 is the first member of the Intel FLEXlog- 
ic FPGA (Field Programmable Gate Array) family. 
The iFX780 consists of eight configurable function 
blocks (CFBs) linked by a 100% connectable matrix. 
Each CFB can be defined either as a 24V10 logic 
block or as a block of 128 x 10 SRAM. This combi- 
nation will provide approximately 5,000 gates of log- 
ic in either PLCC or PQFP packages. 


Flexible Performance 


The iFX780 uses Intel's 0.8J.L CHMOS EPROM tech- 
nology to provide an 80 MHz external clock frequen- 
cy with predictable 10 ns pin-to-pin delays. This ad- 
vanced process technology combined with power 
management options enables very low active and 
standby power consumption. 


The unique combination of features available in the 
iFX780 make it ideal for a wide variety of applica- 
tions. For example, the high pertormance and flex- 
ible clock options provided are designed to support 
functions such as bus control, custom cache control, 
and DRAM control for the current and next genera- 
tion of Intel microprocessors. The very low power 
consumption and user selectable 5V/3.3V outputs 
allow the iFX780 to be used in mixed voltage appli- 
cations such as portable or embedded systems 
where CPUs operating at 3.3V still need to commu- 
nicate to 5V peripherals. The combination of SRAM 
and logic in a single device becomes a big advan- 
tage when designing communication controllers or 


bus interface controllers where memory is required 
for buffering data in addition to the logic for the con- 
troller design itself. 


Flexible Testing and Programming 


The iFX780 also provides dedicated JTAG 1149.1 
compatible pins to support boundary scan, in-circuit 
reconfiguration, and programming modes. In-circuit 
reconfiguration not only allows the designer ultimate 
flexibility in prototyping new designs, but also sup- 
ports applications where the final configuration is not 
fixed. New configurations may be downloaded to the 
iFX780 upon power-up to reflect changes in system 
organization or design requirements that cannot be 
determined at production time. 


Flexible Tools Support 


The FLEXlogic FPGA family is supported by industry 
standard design entry/programming environments 
including Intel's PLDshell Plus™ software. This soft- 
ware runs on Intel 386 or higher PC-compatible plat- 
forms. 


The Global Interconnect Matrix that connects each 
of the CFB blocks is 100% connectable. Any combi- 
nation of signals in the matrix can be routed into any 
CFB block, up to the maximum fan-in of the block 
(24). 


This high degree of connectivity 
between CFB 
blocks eliminates routing problems during rework of 
a complex design. 


• 


Each 24V10 
block 
contains 
a product 
term array, a 
P-Term Allocation 
circuit, 
10 macrocells, 
clocks 
and 
I/O logic in the familiar architecture 
of a simple PLD. 


The 
24V10 
CFB 
blocks 
have 
a superior 
fan-in 
to 
macrocell 
ratio (2.4:1). This improves 
the fitting 
ca- 
pacity of the iFX780 
architecture 
by providing 
more 
available 
interconnect 
lines from the global intercon- 
nect matrix for each macrocell. 


The 
24V10 
blocks 
also 
provide 
two asynchronous 
Clear/Preset 
control 
terms 
and two Output 
Enable 
control 
terms 
(with 
an inversion 
option 
for 
each). 


Within each 24V10 block an identity 
compare 
circuit 
is available 
that 
can 
perform 
a compare 
of up to 
12 bits within the tpo of the device. 


Macrocell 
Configurations 


Each 
I/O 
of the device 
has dual (internal 
and pin) 
feedback 
paths shown 
in Figure 2. This allows 
mac- 
rocells 
to be used for buried logic while the I/O pins 
are used as inputs. Depending 
on the package 
used, 


some macrocell 
outputs 
may not be brought 
outside 
the package. 
These 
l/Os 
may still be used to pro- 
vide buried logic since internal feedback 
is available. 
The macrocells 
can be configured 
either 
as a fast 
combinatorial 
block, a D-register, 
or aT-register. 
J/K 
and SIR registers 
are available 
as software 
emula- 


tions. 


There 
are three 
clocking 
modes 
available 
for every 
macrocell 
(see Figure 3): synchronous, 
delayed, 
and 
asynchronous. 
Table 
1 shows 
the 
different 
timing 
options 
each clock 
mode offers. 


~ 
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Synchronous 
is the standard clock mode where the 
register clock is driven directly from one of the two 
global clock pins. 


Delayed clock is similar to synchronous, 
but there is 
a local delay added (within the CFB) to either of the 
two synchronous clock signals. 


Asynchronous 
mode is where the register clock 
uses one of the two local CFB ACLK product terms. 


Table 
1. Clock Mode Timings for IFX780Z 


Mode 
Tsu 
THOLD 
Teo 


Synchronous 
6 
0 
6 


Delayed 
4.5 
2 
8 


Asynchronous 
2 
5 
12 


Mode 
Tsu 
THOLD 
Teo 


Synchronous 
6 
0 
6.5 


Delayed 
4.5 
2 
8.5 


Asynchronous 
2 
5 
12 


CLK' 


Delayed 
eLK 1 


CLK2 


Delayed 
CLK2 


In addition, each clocki\1gmode may be inverted to 
allow the macrocell register to be clocked either on 
the rising or falling edge of the clock signal. This 
combination provides up to twelve different clock 
options for each macrocell. 


There are 4 control signals in each CFB in addition 
to the clocks (see Figure 4). These include two Out- 
put Enable (OE) signals, and two asynchronous 
Clear/Preset signals. Each control signal is generat- 
ed by a single product term from the local 24V10 
AND array with an inversion option. This allows mul- 
tiple product term control equatiqns to be imple- 
mented. 


Each 24V10 block provides a comparator circuit 
(see Figure 5). This circuit can do an identity com- 
pare of up to 12 signals, within the TPD of the de- 
vice. 


Ell 


D-A=B 


The 
number 
of bits that 
can' be compared 
is only 


limited 
by the fan-in 
of the CFB. Since the fan-in 
is 


24 signals, 
a 12-bit comparator 
is the maximum 
im- 
plementation 
possible. 


When less than 12 bits are being compared, 
the oth- 
er signals available 
from the Interconnect 
Matrix can 
be used 
in equations. 
For instance, 
doing 
an 8-bit 
compare 
still leaves 8 other signals on the block fan- 


in (24-16 
= 8). The bits being compared 
may also 


be used to implement 
SOP logic in parallel 
with the 


compare 
function. 


The output of the comparator 
circuit may be used in 
place of any of the product 
term pairs in the product 


term allocation 
logic allowing 
the compare 
result to 


be used in any macrocell. 
However, 
only one of the 


ten macrocells 
in the CFB can use the comparator 


output. 


The iFX780 uses the patented 
Intel product 
term al- 


location 
scheme, 
which gives better utilization 
of the 


P-term 
resources 
without 
the 
performance 
penalty 


of 
other 
approaches. 
The 
P-terms 
are 
typically 


grouped 
into sets 
of two 
product 
terms 
each, 
and 


there are two sets per macrocell. 


Each 
macrocell 
may borrow 
from 
adjacent 
macro- 


cells in order to increase 
the total number of P-terms 


to a maximum 
of 8. In addition, 
the macrocells 
locat- 


ed at the "ends" 
of each CFB have access 
to addi- 


tional 
product 
terms 
and 
can 
support 
up 
to 


16 P-term 
equations 
(see 
Figure 
6). The 
perform- 


ance of any macrocell 
is the same whether 
2 or 16 


P-terms are being used. 
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SRAM Configuration 


Each iFX780 CFB block can be configured as a 
128x10 (128 words by 10 bits) SRAM block (see Fig- 
ures 7 and 8). The SRAM is accessed in a conven- 
tional manner by using 7 bits of the 24 signal fan-in 
as address information and 10 bits as data-in. Three 
bits are used for BE (block enable), WE, and OE 
controls (see Table 2). 


Table 2. SRAM Function 
Table 


Inputs 
Cycle 
1/0 Pins 
BE 
WE 
OE 


1 
X 
X 
None 
Disabled 


0 
1 
1 
Read 
Disabled 


0 
1 
0 
Read 
Enabled 


0 
0 
1 
Write 
Disabled 


0 
0 
0 
Write 
Enabled 


It is possible to define the SRAM memory either with 
a bidirectional I/O data bus or with a separate input 
data bus and output data bus. 


The SRAM memory bits are initialized by the on- 
chip non-volatile configuration cells during power- 
up. Therefore, the data in the SRAM can be pre- 
configured at programming time. As long as no 
memory writes to this block are executed, the SRAM 
will contain a copy of the nonvolatile cells. In this 
way, the SRAM block can be used as read only 
memory (ROM). 


When a CFB is configured as a SRAM, regular Sum- 
of-Product logic is unavailable in that block. All of 
the macrocells and P-terms have been converted to 
SRAM use. 


Different sized SRAM organizations are possible by 
cascading multiple CFBs to increase the width or 
depth of the memory. 


Input Configuration 


Inputs, as well as I/O pins that are used as inputs, 
can be optimized for minimum standby current dur- 
ing either CMOS or TTL operation by using the 
"CMOS_LEVEL" 
and 
"TTLLEVEL" 
keywords 


available 
in 
the 
PLDasm 
design 
language 
of 


PLDshell Plus. For 5V CMOS inputs the "CMOS_ 
LEVEL" keyword should be used to reduce standby 
power consumption. For TTL or 3V CMOS inputs, 
the "TTLLEVEL" 
keyword (the default condition 


for PLDasm) should be used. For additional informa- 
tion refer to Application Brief AB-27, Order Number 
292107-001. 


3.3V SELECTION 


The pins in an I/O block can operate at 3.3V by tying 
the appropriate Veea pins to a 3.3V power supply. 
While the iFX780 still requires 5V Vee for normal 
operation, the Veea pin associated with each CFB 
block may be connected to either 5V or 3.3V to con· 
trol the output voltages of the I/O pins in that block. 
This allows the iFX780 to be used in mixed voltage 
systems. For example, the iFX780 device may be 
used as an interface to bridge between a 3.3V CPU 
and 5V peripheral logic. In addition, all input pins are 
5V safe so mixing 3.3V outputs and 5V inputs is sup- 
ported. 


Power sequencing is required when any or all CFBs 
operate at 3.3V levels. In this case, the 5V source 
must be equal to or greater than the 3.3V source 
during power-up. 
During power-down, 
the 
3.3V 


source must be less than or equal to the ?V source. 


Open Drain Output Option 


The device can also be configured to enable an 
open drain output option for each I/O pin. If desired, 
more complex equations can be implemented by us- 
ing multiple open drain outputs with an ext~r.nally 
supplied pull-up resistor to emulate an additional 
wired OR plane. 


TTL versus CMOS Outputs 


There is a weak pullup transistor provided for CMOS 
compatible outputs. This pullup is always active in 
both 3.3V and 5V modes. 


JTAG/IEEE 
1149.1 TESTABILITY 


The JTAG/IEEE 1149.1 Standard Boundary Scan 
architecture is implemented in the iFX780. This fea- 
ture supports fault isolation testing of board designs 
at the component level and enhances production 
testing, field repair, and is ideal for Fault Tolerant 
applications. 


The iFX780 boundary scan support consists of an 
Instruction Register, a Data Register, scan cells, and 
associated logic which are accessed through the 
Test Access Port (TAP). The TAP interface consists 
of three inputs: Test Mode Select (TMS), Test Data 
In (TDI) and Test Clock (TCK), and one output: Test 
Data Out (TOO). 


For example, a continuity test may be performed be- 
tween two JTAG devices on a circuit board by plac- 
ing a known value on the output buffers of one de- 
vice while observing the input buffers of the other 
device. This same technique may be used to per- 
form simple in-circuit functional testing of the iFX780 
for prototyping new system designs. 


The boundary scan cells of the iFX780 external sig- 
nals are linked to form a shift register chain for all 
active pins. This chain provides a path which can be 
used to shift in test stimulus as well as shift out test 
response data for inspection. 
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Or 
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The 4-pin JT AG test interface 
is also used for stan- 
dard programming, 
in-circuit 
reconfiguration, 
and in- 
circuit 
programming. 


Boundary Scan Instructions 


The iFX780 
boundary 
scan Instruction 
Register 
(IR) 
supports 
public 
instruction 
opcodes, 
extended 
in- 
struction 
opcodes 
used 
for 
the 
Program/Verify 
modes, 
and additional 
Intel private 
instructions. 


The EXTEST instruction 
drives the output pins to the 
values 
contained 
in the boundary 
scan cells 
which 
allows 
testing 
of 
circuitry 
external 
to 
the 
iFX780 
package, 
typically 
for printed 
circuit 
board 
intercon- 
nects. 


The BYPASS 
instruction 
selects 
the one bit ByPass 
Register, 
(BPR), to be connected 
to TDI and TOO. 


SAMPLE/PRELOAD 
(IR Opcode 00001 Binary) 


The SAMPLE/PRELOAD 
instruction 
is used for two 
functions. 
The SAMPLE/PRELOAD 
instruction 
1) al- 
lows 
a snap-shot 
of the values 
of the 
pins of the 
iFX780 
in an unobtrusive 
manner 
and 
2) pre loads 
data to the iFX780 
pins to be driven 
to the system 
circuit 
board 
when 
executing 
the 
EXTEST 
instruc- 
tion. 


The IDCODE instruction 
selects 
the 10 code register 


.to 
be 
connected 
to 
TDI 
and 
TOO 
allowing 
the 
IDcode 
to be serially 
shifted 
out of TOO. 


The 
UESCODE 
instruction 
selects 
the 
User 
Elec- 
tronic 
Signature 
(UES) register 
to be connected 
to 
TDI and TOO allowing 
the UES code to be serially 
shifted 
out of TOO. 


The 
HIZ instruction 
sets 
all I/Os 
to a high imped- 
ance state. 


The 
iFX780 
supports 
in-circuit 
reconfiguration 
and 
in-circuit 
programming 
through 
the use of the 4-pin 
JT AG test 
port. 
Downloading 
a new 
configuration 
can be accomplished 
by simply shifting the new data 
into the device. 


This 
may be done 
as many 
times 
as desired 
in a 
prototyping 
scenario. 
Once 
the final version 
of the 
design 
is confirmed 
it may be programmed 
into the 
non-volatile 
cells so that the configuration 
will not be 
lost even when the power 
is turned 
off. This is also 
done through 
the use of the JT AG test port plus the 
programming 
voltage 
pin (Vpp). 


For 
more 
details 
on 
in-circuit 
reconfiguration 
and 
programming 
please refer to the iFX780 
Device Pro- 
gramming 
and 
In-Circuit 
Reconfiguration 
Specifica- 
tion and supporting 
application 
notes. 


A programmable 
security 
bit controls 
access 
to the 
data programmed 
into the device. 
Once this security 
bit is set, the design cannot 
be read out of the non- 
volatile 
cells or the SRAM. The state of the nonvola- 
tile security 
bit at power-up 
determines 
access 
and 
cannot 
be changed 
by in-circuit 
reconfiguration. 


PLDshell 
Plus is a sophisticated 
development 
tool 
for Intel programmable 
logic and is all you need to 
begin 
designing 
with 
Intel 
FPGAs. 
With 
PLDshell 
Plus, you can develop, 
compile, 
and 
simulate 
effi- 
cient designs 
for Intel FPGAs and PLDs. 


PLDshell 
Plus includes 
several 
enhancements 
over 
earlier versions: 


- 
Design Merge 


- 
SRAM Configuration 
Support 


- 
Compare 
Operation 
Support 


- 
Simulation 
Support 
for Intel FPGA 


- 
Vector 
Notation 


Full Mouse Support 


- 
Device Selector 


Design Merge 


PLDshell 
Plus can merge 
multiple 
PDS design 
files 
into any Intel PLD, including 
the 
Intel iFX780. 
The 
Merge function 
makes 
it easy for designers 
to con- 
solidate 
multiple 
PLDs 
into 
a single, 
high-perform- 
ance FPGA or PLD. 


PLDshell Plus supports all of the innovative architec- 
tural features of the iFX780 through the implementa- 
tion of new language syntax such as: 
- 
SRAM configuration 
- 
Compare operation 
- 
Buried macrocells 
- 
Clocking options 
- 
3.3V and 5V options 


PLDsheli Plus allows the designer to simulate the 
internal function of any Intel FPGA or PLD for rapid 
design verification. 


PLDsheli Plus provides the following simulation ca- 
pabilities: 
- 
Event-driven simulation of combinatorial, regis- 
tered, and state machine designs 
- 
Ability to set any input, preload any register, and 
compare any output against an expected value 
- 
Ability to group signals together (form a vector) 
to simulate a bus 
- 
Generation of test vectors from simulation re- 
sults for inclusion in the JEDEC file 
- 
Simulation history file with ability to output a sub- 
set of signals to a secondary trace file 


The designer can develop the logic design first, and 
then use the PLDsheli Plus device selector to pick a 
list of appropriate devices. After a design is com- 
piled or estimated through PLDshell Plus a report file 
is generated. Contained in the report file is a listing 
of suggested devices appropriate for the target de- 
sign. 


Listed below are the minimum requirements for a 
system in order to use PLDsheli Plus: 
- 
Intel 386 based PC compatible (or better) 
- 
4MB RAM (minimum) 
- 
VGA monitor/adaptor 
- 
DOS 3.1 (or later) 


THIRD-PARTY 
SUPPORT 
DESIGN 
SOFTWARE 


Third party tools support will be provided by the fol- 
lowing vendors: 


• Cadence 
- 
Composer": Comprehensive suite of design 
entry, debug and documentation capabilities. 
- 
Verilog-XL": Digital logic simulators and inter- 
active debug environment. 


• Data I/O 
- 
ABEL": Design software allowing you to de- 
scribe and implement logic designs. 


• Logical Devices 


- 
CUPL": High level, universal design softwarefli 
package. 


• Mentor Graphics 
- 
Design Architect": Integrated system of sche- 
matic, symbol, and text editors for capturing 
designs. 
- 
QuickSim": High performance logic simulator 
for function and performance verification. 


• Minc 
- 
PLDesigner-XL": Powerful design tool that 
can be used for all types of programmable 
logic with automatic device selection, auto- 
matic partitioning and functional simulation. 


• OrCAD 
- 
PLD Tools & Schematic Design Tool": Soft- 
ware tool environment including schematic 
entry, test vector generation and multiple 
forms of input. 


- 
Verification/Simulation Tool": Series of soft- 
ware tools for performing timing-based simu- 
lation of designs. 


• 
Viewlogic 


- 
ViewPLD 
& Powerview™: 
Integrated 
schematic 
capture 
and simulation 
environment. 


• 
Products 
in Motion 


- 
FLEXlogic 
Programmer 


• 
Elan 
- 
Model 6000 


• 
Logical 
Devices 


- 
ALLPRO 


• 
SMS 
- 
Sprint Plus 


Programming 
Support 
will be provided 
by a number 
of leading vendors. 
such as: 


• 
Advin Systems, 
Inc. 


- 
PILOT-U84 


- 
PILOT-U40 


• 
B & C Microsystems. 
Inc. 


- 
PROTEUS-UPLC88 


• 
BP Microsystems 


- 
PLD 1100 


• 
Data I/O 


- 
Unisite 


- 
Unisite 2900/3900 


Simulation 
models 
will be provided 
by the following 


vendors: 


• 
Logic Modeling 
Corporation 


- 
Smart 
Model: 
Device 
model 
support 
for behav- 


ioral simulation 
through 
a variety 
of simulators. 


• 
Viewlogic 


fCNT1 
FMAX 
tpD 
IS8 
ICC 
Order Code 
Package 
(MHz) 
(MHz) 
(ns) 
{mAl 
(mA/MHz) 


80 
100 
10 
20 
1.5 
KUFX780-10 
132-Pin PQFP 


NFX780-10 
84-Pin PLCC 


50 
66.7 
15 
20 
1.5 
KUFX780-15 
132-Pin PQFP 


NFX780-15 
84-Pin PLCC 


80 
100 
10 
1 
1.5 
KUFX780Z-10 
132-Pin PQFP 


NFX780Z-10 
84-Pin PLCC 


50 
66.7 
15 
1 
1.5 
KUFX780Z-15 
132-Pin PQFP 


NFX780Z-15 
84-Pin PLCC 


NOTICE: This data sheet contains 
preliminary 
infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
+7.0 
V 


Vpp 
Programming Supply 
-2.0 
+13.5 
V 
Voltage(1) 


VI 
DC Input Voltage(1.2) 
-0.5 
Vcc+0.5 
V 


tSTG 
Storage Temperature 
--65 
+150 
'c 


tAMB 
Ambient 
-10 
+85 
'c 
Temperature(3) 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to + 7.0V for periods 
less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Min 
Max 
Units 


VcclVCCO 
SupplylOutput 
Supply Voltage 
- 5V 
4.75 
5.25 
V 


VCCO 
Output Supply Voltage 
- 3.3V 
3.0 
3.6 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
0 
VCCO 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 


tr 
Input Rise Time 
500 
ns 


tf 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


VIH(5) 
High Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


Vll(5) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
5V TTL High Level Output 
2.4 
V 
IOH = -4.0 
mA D.C., 
VCC = Min 


5V CMOS High Level Output 
VCCO -0.2 
V 
IOH = - 20 /LA D.C., 
VCC = Min 


3V High Level Output Voltage 
VCCO -0.2 
V 
IOH = - 20 /LA D.C., 
VCC = Min 


VOL 
5V Low Level Output Voltage 
0.45 
V 
IOl = 12.0 mA D.C., 
VCC = Min 


3V Low Level Output Voltage 
0.2 
V 
IOl = 20 /LA D.C., 
Vcc = Min 


11(6) 
Input Leakage Current 
±10 
/LA 
VCC = Max, 
VIN = GND or VCC 


NOTES: 
4. Typical values are at TA = 25'C, Vcc = 5V. 
5. Absolute values with respect to device GND; all over and undershoots due to system and tester noise are included. 
Do not attempt to test these values without suitable equipment. 
6. Input leakage current on JTAG pins: ±20 p.A. Input leakage curren1on clock pins tested at VIN = GND or 4V. 


fli 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


loz 
Output 
Leakage Current 
±50 
p.A 
Vcc = Max, VOUT = GND or 
Vcc 


Isc(7) 
Output Short Circuit Current 
-30 
-120 
mA 
Vcc = Max, VOUT = 0.5V 


ISB 
Standby 
Power Supply 
20 
mA 
VIN = Vcc or GND, Outputs 
Current FX780 
Open 


Standby 
Power Supply 
1 
mA 
Current FX780Z 


IccActive 
Power Supply Current FX780 
1.5 
mA per 
VIN = Vcc or GND, Outputs 
MHz 
Open, Device Programmed 


Power Supply Current FX780Z 
1.5 
mAper 
as Four 20-8it Counters 


MHz 


NOTE: 
7. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


INPUT3:1.5V-TEST 
POINTS-- E 


OUTPUT3:1.5V -TEST 
POINTS-- E 


290459-12 


AC Testing: Inputs are driven at 3.0V for a logic "1" 
and OV for a logic "0." Timing measurements are made 
at 1.5V. Outputs are measured at 1.5V. Device input 
rise and fall times <3 ns. 


Commercial 
Specification 
S1 
CL 
Measured 
Output 
Value 
R1 
R2 


tpD 
Closed 
35 pF 
3300 
2000 
1.5V 


tpzx 
Z~ 
H:Open 
1.5V 
Z ~ 
L:Closed 


tpxz 
H~Z:Open 
5 pF 
H~Z:VOH 
- 
0.5V 
L~ 
Z:Closed 
L~Z:VOL 
+ 0.5V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = 2V, f = 1.0 MHz 
10 
12 
pF 


CIO 
I/O Capacitance 
VOUT = 2V, f = 1.0 MHz 
12 
15 
pF 


CCLK 
Clock Pin Capacitance 
VOUT = 2V, f = 1.0 MHz 
15 
18 
pF 


Cvpp 
Vpp Pin Capacitance 
f = 1.0 MHz 
12 
15 
pF 


NOTE: 
8. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 
tance. 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5.0V 
±5%) 


·10 
·15 
Symbol 
Parameter 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


tPD 
Input or I/O to Output Valid 
10 
15 
ns 


tpZX(9) 
Input or I/O to Output Enable 
12 
18 
ns 


tpXZ(9) 
Input or I/O to Output Disable 
12 
18 
ns 


tClR 
Input or I/O to Asynchronous 
Clear/Preset 
15 
20 
ns 


tCOMP 
Comparator 
Input or I/O 
10 
15 
ns 
Feedback 
to Output Valid 


REGISTER 
MODE-iFX780Z-10 
CLOCK A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5.0V 
±5%) 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fCNT1 
Max Counter 
Frequency 
83.3 
80 
71.4 
MHz 


1/(tsu + tC01)-External 
Feedback 


fCNT2 
Max Counter 
Frequency 
83.3 
80 
74.1 
MHz 
1/(teNT)-lnternal 
Feedback 


fMAX 
Max Frequency 
(Pipelined) 
100 
92.9 
80 
MHz 
1/(tcp)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
6 
4.5 
2 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
5 
ns 


tCOl 
ClK 
to Output Valid 
6 
8 
12 
ns 


tC02 
ClK 
to Output Valid Fed Through 
16 
18 
22 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to Register 
Input- 
12 
12.5 
13.5 
ns 
Internal Path 


tCl 
ClKlowTime 
4.5 
4.5 
5 
ns 


tCH 
ClK 
High Time 
4.5 
4.5 
5 
ns 


tcp 
ClK 
Period 
10 
10.5 
12.5 
ns 


NOTES: 
9. tpzx 
and tpxz 
are measured 
at ±0.5V 
from steady 
state voltage 
as driven 
by specified 
output 
load. tpxz 
is measured 
with 
CL = 5 pF. Z -+ Hand 
Z -+ l are measured 
at 1.5V on output. 


10. Three 
outputs 
switching 
per block. 
three 
blocks 
tested 
simultaneously. 


II 
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REGISTER 
MODE-iFX780-10 
CLOCK A.C. CHARACTERISTICS 
(TA = O°C to + 70°C. VCC = 5.0V 
±5%) 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 
Mln 
Max 
Mln 
Max 
Mln 
Max 


fCNTl 
Max Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/ (tsu + teOl )-External 
Feedback 


fCNT2 
Max Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/(tcNT)-lnternal 
Feedback 


fMAX 
Max Frequency 
(Pipelined) 
100 
92.9 
80 
MHz 
1/(tcp)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
6 
4.5 
2 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
5 
ns 


teOl 
ClK 
to Output Valid 
6.5 
8.5 
12 
ns 


te02 
ClK 
to Output Valid Fed Through 
16.5 
18.5 
22.5 
ns 
Combinatorial 
Macrocell 


teNT 
Register Output Feedback 
to Register 
Input- 
12.5 
13 
14 
ns 
Internal Path 


tel 
ClKlowTime 
4.5 
4.5 
5 
ns 


teH 
ClK 
High Time 
4.5 
4.5 
5 
ns 


tep 
ClK 
Period 
10 
10.5 
12.5 
ns 


intel~ 


REGISTER MODE-iFX780-15/iFX780Z-15 
CLOCK A.C. CHARACTERISTICS 
(TA = OCCto +70CC, vcc 
= 5.0V 
±5%) 


Symbol 
Parameter 
Synchronous 
Delayed 
Sync 
Async 
Units 
Mln 
Max 
Min 
Max 
Mln 
Max 


fCNT1 
Max Counter 
Frequency 
50 
50 
50 
MHz 


1/ (tsu 
+ tC01 )-External 
Feedback 


fCNT2 
Max Counter 
Frequency 
50 
50 
50 
MHz 


1/(tCNT)-lnternal 
Feedback 


fMAX 
Max Frequency 
(Pipelined) 
66.7 
62.5 
62.5 
MHz 
1/ (tep)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
11 
8 
3 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
6 
ns 


tC01 
ClK 
to Output Valid 
9 
12 
17 
ns 


tC02 
ClK 
to Output Valid Fed Through 
24 
27 
32 
ns 
Combinatorial 
Macrocell 


tCNT 
Register Output Feedback 
to Register 
20 
20 
20 
ns 
Input-Internal 
Path 


tel 
ClK 
low 
Time 
7 
7 
7 
ns 


teH 
ClK 
High Time 
7 
7 
7 
ns 


tep 
ClK 
Period 
15 
15 
15 
ns 


\' 
J\ 


Ipo 


Ipxz 
HIGH IMPEDANCE 
3-STATE 


Ipzx 


VALID 
OUTPUT 


teLR 
, 
ASYNCHRONOUS 
CLEAR/PRESET 
OUTPUT 


• 


·10 
·15 
Symbol 
Parameter 
Units 
Min 
Max 
Mln 
Max 


tAC 
Read Cycle Time 
15 
20 
ns 


tAA 
Address 
Access Time 
15 
20 
ns 


tABE 
Block Enable Access Time 
15 
20 
ns 


toE(1) 
Output Enable to Output Valid 
12 
15 
ns 


toH 
Output Hold from Address 
Change 
2 
3 
ns 


tBLZ(1) 
Block Enable to Output in Low Z 
3 
5 
ns 


tBHZ(1,2) 
Block Disable to Output in High Z 
10 
15 
ns 


toLZ(1) 
Output Enable to Output in Low Z 
3 
5 
ns 


NOTE: 
WE held at VIH' 


·10 
·15 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


twc 
Write Cycle Time 
15 
20 
ns 


tBW 
Block Enable to End of Write 
10 
13 
ns 


tAW 
Address 
Valid to End of Write 
13 
17 
ns 


tAS 
Address 
Set-up Time 
3 
4 
ns 


twP 
Write Pulse Width 
10 
13 
ns 


tWR 
Write Recovery 
Time 
2 
3 
ns 


tow 
Data Valid to End of Write 
10 
13 
ns 


tOH 
Data Hold Time 
2 
3 
ns 


tOHZ(l, 2, 3) 
Output Disable to Valid Data In 
10 
13 
ns 


NOTES: 
1. These signals are measured at ±O.5V from steady state voltage as driven by specified output load. Z --. Hand Z --. L 
are measured at 1.5V on output. 
2. These signals are measured with CL = 5 pF. 
3. Ooes not apply for separate data in and data out buses. 


• 


twc 


~ 


tAW 


-tAS 
I 
twP 
tWR- 
" 
'. 
I 
10HZ 
. 
Iow--IoH 
INJ~~~:::::::::::::O:U:T::::::::::E::::,N::::1----- 


NOTE: 
Cycle shown is for common data in and data out bus. 


twc 


~ 


tAW 
" 
-tAS 
law 
tWR- 
\. 
/ 
'. 
10HZ 
. 
low- 
-IoH 
INJ~~~ 
OU_T 
f__ 
,N__ l----- 


NOTE: 
Cycle shown is for common data in and data out bus. 


, 


.Y 


./ 
.....< 


./ 
~ 


./ 


./ 
./ 


./ 


./ 
V 
V 
V ./ 
V 
V 


./ 


feNT 
(MHz) 


Conditions: 
TA = + 25°C, VCC = 5V 


Because 
Vcc rise can vary significantly 
from one ap- 
plication 
to another, 
Vee 
rise must 
be monotonic. 


The power-up 
cycle is complete 
within a delay of tpR 
after Vee reaches 
the VaN value. 
During power se- 
quencing, 
Vee must always be greater than or equal 
to Veeo. 
. 


Internal 
power-up 
reset 
circuits 
ensure 
that all flip- 
flops 
will be reset to a logic 0 after the device 
has 
powered-up. 
Also, 
the JT AG TAP controller 
will be 
put into the 
Test-Logie-Reset 
state. The outputs 
on 
an unprogrammed 
device will power-up 
in a high im- 
pedance 
state. 


POWER-UP 
RESET 
CHARACTERISTICS 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
100 /Ls Max 


VaN 
Turn-On 
Voltage 
4.75V Min • 


Table 
4 lists the dedicated 
pin names 
and descrip- 
tions. 


Pin 
Description 
Name 


Vee 
Supply voltage 
for the iFX780. All must 
be connected 
to 5V. 


VSS 
Ground connections 
for the iFX780. All 
must be connected 
to GNO. 


Vpp 
Programming 
voltage 
for the iFX780. 
Ouring programming, 
12.75V must be 
supplied 
to this pin. When not in 
programming 
mode, this pin may be 
connected 
to Vee, Vpp or left floating. 


INx 
Input only pins. These pins may not be 
available 
on all packages. 
Unused inputs 
should be connected 
to Vee or GNO. 


TOI 
The Testability 
Oata Input is the boundary 
scan serial data input to the iFX780. 
JT AG instructions 
and data are shifted 
into the iFX780 on the TOI input pin on 
the rising edge of TCK. TOI may be left 
floating 
if unused. 


TOO 
The Testability 
Oata Output is the 
boundary 
scan serial data output from the 
iFX780. JTAG instructions 
and data are 
shifted out of the iFX780 on the TOO 
output on the falling edge of TCK. The 
TOO output driver is supplied 
through 
Veea· 


TCK 
The Testability 
Clock input provides 
the 
boundary 
scan clock for the iFX780. TCK 
is used to clock state information 
and 
data into and out of the iFX780 during 
boundary 
scan or programming 
modes. 


The maximum 
operating 
frequency 
of the 
boundary 
scan test clock is 8 MHz. TCK 
may be left floating 
if unused. 


TMS 
The Testability 
Control input is the 
boundary 
scan test mode select for the 
iFX780. TMS may be left floating 
if 
unused. 


intel~ 


Table 
5 lists the 
user defined 
pin names 
and de- 


scriptions. 


Pin 
Description 
Name 


Veeax 
Supply voltage for the outputs of the 
CFBs. Connecting 
these pins to + 5V 
causes the CFB to output 5V signals. 
Connecting 
these pins to + 3.3V causes 
the CFB to output 3.3V signals. These 
pins must always be connected 
to either 
3.3Vor 
5V. 


CLKx 
Global clocks. 


I/Oxx 
Pins that can be configured 
either as an 
input or an output. Unused I/O pins 
should be conencted 
to Vee or GNO. 


NOTE: 
Vcc, Vccox 
and Vpp pins should be decoupled with a 
0.1 /LF ceramic capacitor at the device pin. 


--- ...... -- - ... _--- ---- 


117 
(VCCoO) 
118 
CLKI 


118 
(VPP) 
(VCCol) 
118 


120 
1000 
1010 
115 


121 
1001 
lOll 
11. 


122 
1002 
1012 
113 


123 
1003 
1013 
112 


12. 
100. 
101. 
111 


125 
(V55) 
CFB 0 
CFB 1 
(V55) 
110 


128 
1005 
1015 
108 


127 
1006 
1016 
108 


128 
1007 
1017 
.107 


128 
1008 
1018 
108 


130 
1009 
1019 
105 


131 
(TOO) 
INO 1Got 


132 
(TOr) 
INI 
103 


1 
IN21 
IN2 
102 • 


2 
IN20 
IN3 
101 


3 
IN19 
IN. 
100 
• 
IN18 
INS 
88 
5 
IN17 
1039 
88 
8 
1029 
1038 
87 
7 
1028 
1037 
88 
8 
1027 
1036 
85 
• 
1026 
1035 
M 
10 
1025 
(V55) 
83 
11 
(V55) 
CFB 2 
I- 
103. 
82 
12 
10,. 
0 
1033 
111 
13 
1023 
W 
1032 
80 
,. 
1022 
Z 
1031 
88 
15 
1021 
Z 
1030 
88 
18 
1020 
0 
(VCC) 
87 
17 
(V55) 
0 
(VCC03) 
88 
18 
(V55) 
a:: 


(VCC05) 
85 
18 
(VCC02) 
W 


(V55) •• 
20 
(VCCo.) 
I- 
(V55) 
83 
21 
(VCC) 
Z 
1050 
82 
22 
10.0 
1051 
81 
23 
10., 
-J 
1052 
80 
•• 
10.2 
e:t 
1.053 
78 
25 
10.3 
m 


105. 
78 
28 
IOU 
0 
CFB 5 
(V55) 
77 
27 
(V55) 
CFB 4 
-J 
1055 
78 
28 
10.5 
CJ 
1056 
78 
28 
10-'6 
1057 
74 
30 
10H 
1058 
73 
31 
10.8 
1059 
72 
32 
10H 
IN6 
71 
33 
IN16 
IN7 
70 
•• 
IN15 
IN8 
88 
35 
INU 
IN9 
88 
38 
IN13 
IN10 
87 
37 
IN12 
(TCK) 
88 
38 
IN11 
(TW5) 
85 
31 
1069 
1079 
•• 
••• 
1068 
1078 
83 
., 
1067 
1077 
82 
42 
1066 
1076 
81 
43 
1065 
1075 
80 
•• 
(V55) 
CFB 6 
(V55) 
58 
•• 
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iFX8160 


10 ns FLEXlogic FPGA WITH SRAM OPTION 


• High Performance 
FPGA (Field 
• Electrically 
Erasable 0.6~ ETOX· IV 
Programmable Gate Array) 
CHMOS FLASH Technology 


- 
Deterministic 
10 ns Pin-to-Pin 
- 
Power Management Options 
Propagation 
Delays 
Minimize Active Power Consumption 
- 
80 MHz System Clock Frequency 
(3 mA/MHz) 


• 160 Complex Macrocells (7,000 
- 
1 mA Standby 


Maximum Logic Gates) or up to 
• High Drive I/O 


20,480 Bits of SRAM 
- 
PCI Compliant 


• Any CFB can be either 24V10 Logic or 
• 24V10 Macrocell Features 


SRAM Block 
- 
Dual Feedback on All I/O Pins 
-128 
x 10 SRAM Configuration 
- 
Allocation 
Supports up to 16 Product 
- 
CFB Selectable 3.3V or 5V Outputs 
Terms per Macrocell with No 
fli 


- 
Open-Drain Output Option 
Performance 
Penalty 


• Supports Partial Reconfigurability 
and 
- 
12 Clocking Options 


Reprogrammability 
- 
Flexible Preset/Clear 
Options 


- 
Selectable D/T Flip-Flops 
• JTAG 1149.1 Compatible Test Port 
- 
Fast 12-Bit Identity Compare Option 
- 
Supports Boundary Scan and In- 
• Sixteen Configurable 
Function Blocks 
Circuit Reconfiguration 
and 
Re-Programming 
(CFBs) Linked by a 100% Connectable 
Matrix 
• Supported by Industry Standard Design 
- 
Improves Fitting of Complex Designs 
and Programming Tools 
• TQFP Thin Package Available 


133 
157 


1 . 
1 
• 


176 
SQFP 
208 


TSD 
SQFP 


Pins 
Package 
Macrocells 
I/O 
Inputs 
Clocks 
JTAG/Vpp 
Vcc 
GND 


176 
TQFP 
160 
110 
26 
4 
6 
12 
18 


208 
SQFP 
160 
120 
48 
4 
6 
12 
18 


225 
BGA 
160 
120 
54 
4 
6 
17 
24 


The iFX8160 is the third member of the Intel FLEX- 
logic FPGA (Field Programmable Gate Array) family. 
The iFX8160 consists of sixteen configurable func- 
tion blocks (CFBs) linked by a 100% connectable 
matrix. Each CFB can be defined either as a 24V10 
logic block or as a block of 128 x 10 SRAM. This 
combination will provide approximately 7,000 gates 
of logic in either SQFP or BGA packages. 


FLEXIBLE 
PERFORMANCE 


The iFX8160 uses Intel's 0.6,...ETOX FLASH tech- 
nology to provide an 80 MHz external clock frequen- 
cy with predictable 10 ns pin-to-pin delays. This ad- 
vanced process technology combined with power 
management options enables very low active and 
standby power consumption. 


The unique combination of features available in the 
iFX8160 make it ideal for a wide variety of applica- 
tions. For example, the high performance and flex- 
ible clock options provided are designed to support 
functions such as bus control, custom cache control, 
and DRAM control for the current and next genera- 
tion of Intel microprocessors. The very low power 
consumption and user selectable 5V/3.3V outputs 
allow the iFX8160 to be used in mixed voltage appli- 
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cations such as portable or embedded systems 
where CPUs operating at 3.3V still need to commu- 
nicate to 5V peripherals. The combination of SRAM 
and logic in a single device becomes a big advan- 
tage when designing communication controllers or 
bus interface controllers where memory is required 
for buffering data in addition to the logic for the con- 
troller design itself. 


FLEXIBLE 
TESTING 
AND PROGRAMMING 


The iFX8160 also provides dedicated JTAG 1149.1 
compatible pins to support boundary scan, in-circuit 
reconfiguration/reprogramming, 
and programming 
modes. In-circuit reconfiguration/reprogramming not 
only allows the designer ultimate flexibility in proto- 
typing new designs but also supports applications 
where the final configuration is not fixed. New con- 
figurations may be downloaded to the iFX8160 upon 
power-up to reflect changes in system organization 
or design requirements that cannot be determined"at 
production time. For more information on in-circuit 
reconfiguration and programming, refer to Applica- 
tion Brief AB-52. 


The FLEXlogic FPGA family is supported by industry 
standard design entry/programming 
environments 
including Intel's PLDshell Plus software. This soft- 
ware runs on Intel386™ or higher PC-compatible 
platforms. 


The Global 
Interconnect 
Matrix that connects 
each 


of the CFB blocks 
is 100% connectable. 
Any combi- 


nation of signals in the matrix can be routed into any 
CFB block, 
up to the maximum 
fan-in 
of the block 


(24). 


This 
high 
degree 
of 
connectivity 
between 
CFB 


blocks 
eliminates 
routing 
problems 
during rework 
of 


a complex 
design. 


Each 24V10 
block contains 
a product 
term array, a 


P-Term Allocation 
circuit, 
10 macrocells, 
clocks 
and 


I/O logic in the familiar architecture 
of a simple PLD. 


The 24V10 
CFB blocks 
have a generous 
fan-in 
to 
macrocell 
ratio (2.4:1). This improves 
the fitting 
ca- 


pacity of the iFX8160 
architecture 
by providing 
more 


VCC 
GND 


Block Level 
OE Controls 


Sync/Delayed D 


Async 


available 
interconnect 
lines from the global intercon- 


nect matrix for each macrocell. 


The 
24V10 
blocks 
also 
provide 
two 
asynchronous 


Clear/Preset 
control 
terms 
and two Output 
Enable 


control 
terms 
(with 
an inversion 
option 
for 
each). 


Within each 24V10 block an identity 
compare 
circuit 


is available 
that 
can 
perform 
a compare 
of up to 


12 bits within the tpD of the device. 


Each 
I/O 
of the device 
has dual (internal 
and pin) 


feedback 
paths 
(see Figure 
2). This allows 
macro- 


cells to be used for buried 
logic while the I/O 
pins 


are used as inputs. Depending 
on the package 
used, 


some macrocell 
outputs 
may not be brought 
outside 
• 


the package. 
These 
I/Os 
may still be used to pro- 


vide buried logic since internal feedback 
is available. 


The 
macrocells 
can be configured 
either 
as a fast 


combinatorial 
block, a D-register, 
or aT-register. 
J/K 


and SIR registers 
are available 
via software 
emula- 


tions. 


Global 
Interconnect 


There 
are three 
clocking 
modes 
available 
for every 
macrocell 
(see 
Figure 
3): 
synchronous, 
delayed, 
asynchronous. 
Table 
1 shows 
the 
different 
timing 
options 
each clock 
mode offers. 


Synchronous 
r 
I 
ClK 
PIN 0 
•~Macrocell 


De/a yea 
delay 
I 
I 
ClK 
PIN ~ 
Macrocell 


Asynchronous 


ANY SIGNAL 


Synchronous 
is the standard 
clock 
mode where the 
register 
clock 
is driven 
directly 
from one of the two 
global clock 
pins. 


Delayed 
clock is similar to synchronous, 
but there is 
a local delay added (within the CFB) to either of the 
two synchronous 
clock signals. 


Asynchronous 
mode 
is where 
the 
register 
clock 
uses one of the two local CFB AClK 
product 
terms. 


Mode 
Tsu 
THOlD 
Teo 


Synchronous 
6.5 
0 
6 


Delayed 
5 
2 
8 


Asynchronous 
2 
5 
12 


In addition, 
each clocking 
mode may be inverted 
to 
allow the macrocell 
register 
to be clocked 
either on 
the 
rising 
or falling 
edge 
of the 
clock 
signal. 
This 
combination 
provides 
up to twelve 
different 
clock 
options 
for each macrocell. 


There 
are 4 control 
signals 
in each CFB in addition 
to the clocks 
(see Figure 4). These 
include two Out- 
put 
Enable 
(OE) 
signals, 
and 
two 
asynchronous 
Clear/Preset 
signals. 
Each control 
signal is generat- 
ed by a single 
product 
term 
from 
the 
local 
24V10 
AND array with an inversion 
option. This allows mul- 
tiple 
product 
term 
control 
equations 
to 
be 
imple- 
mented. 


Delayed ClK1 


CLK2 
Delayed CLK2 


ACLK1 


ACLK2 


Global 
Interconnect 
24 


local 
Array 


with 
P-term 
reallocation 


• 
• 
• 
• 
• 
• 
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Each 
24V10 
block 
provides 
a comparator 
circuit 
(see Figure 
5). This circuit 
can do an identity 
com- 
pare of up to 12 signals, 
within 
the T PO of the de- 
vice. 


The 
number 
of bits that 
can be compared 
is only 
limited 
by the fan-in 
of the CFB. Since the fan-in 
is 
24 signals, 
a 12-bit comparator 
is the maximum 
im- 


plementation 
possible. 


When less than 12 bits are being compared, 
the oth- 
er signals available 
from the Interconnect 
Matrix can 
be used 
in equations. 
For instance, 
doing 
an 8-bit 
compare 
still leaves 8 other signals on the block fan- 
in (24 - 
16 = 8). The bits being compared 
may also 
be used to implement 
SOP logic in parallel 
with the 
compare 
function. 


The output of the comparator 
circuit may be used in 
place of any of the product 
term pairs in the product 
term allocation 
logic allowing 
the compare 
result to 
be used in any macrocell. 
However, 
only one of the 
ten macrocells 
in the CFB can use the comparator 
output. 


~ 
AxlBx = Fan-in Pair 


Ex = Architecture 
Control Bit 


A10 
B10 
• 


The 
iFX8160 
uses the patented 
Intel product 
term 
allocation 
scheme, 
which 
gives 
better 
utilization 
of 
the P-term 
resources 
without 
the performance 
pen- 
alty of other 
approaches. 
The P-terms 
are typically 
grouped 
into sets 
of two 
product 
terms 
each, 
and 
there are two sets per macrocell. 


Each 
macrocell 
may borrow 
from 
adjacent 
macro- 
cells in order to increase 
the total number of P-terms 
to a maximum 
of 8. In addition, 
the macrocells 
locat- 
ed at the "ends" 
of each CFB have access 
to addi- 
tional 
product 
terms 
and 
can 
support 
up 
to 


16 P-term 
equations 
(see 
Figure 
6). The 
perform- 
ance 
of any macrocell 
is the 
same 
whether 
2 P- 
terms or 16 P-terms 
are being used. 


Each 
iFX8160 
CFB 
block 
can 
be configured 
as a 
128 x 10 (128 words 
by 10 bits) SRAM 
block 
(see 
Figures 
7 and 8). The SRAM 
is accessed 
in a con- 


ventional 
manner by using 7 bits of the 24 signal fan- 
in as address 
information 
and 
10 bits 
as data-in. 


Three bits are used for BE (Block 
Enable), 
WE, and 
OE controls 
(see Table 2). SRAM control 
signals on 
the iFX8160 
may be active-high 
or active 
low. 


Inputs 
Cycle 
BE 
OE 
1/0 Pins 
WE 


1 
X 
X 
None 
Disabled 


0 
1 
1 
Read 
Disabled 


0 
1 
0 
Read 
Enabled 


0 
0 
1 
write 
Disabled 


0 
0 
0 
write 
Enabled 


It is possible to define the SRAM memory either with 
a bidirectional I/O data bus or with a separate input 
data bus and output data bus. 


Delayed CLK1 
CLK1 


Delayed CLK2 


CLK2 


7 
Address 


10 
Data In 
--1 
BE 


--1 
OE 
SRAM 


--1 
WE 


The SRAM memory bits are initialized by the on- 
chip FLASH cells during power-up. Therefore, the 
data in the SRAM can be pre-configured at program- 
ming time. As long as no memory writes to this block 
are executed, the SRAM will contain a copy of the 
nonvolatile cells. In this way, the SRAM block can be 
used as read only memory (ROM). 


When a CFB is configured as a SRAM, regular Sum- 
of-Product logic is unavailable in that block. All of 
the macrocells and p-terms have been converted to 
SRAM use. 


Different sized SRAM organizations are possible by 
cascading multiple CFBs to increase the width or 
depth of the memory. 
• 
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Inputs, 
as well as I/O 
pins that are used as inputs, 
can be optimized 
for minimum 
standby 
current 
dur- 
ing 
either 
CMOS 
or TTL 
operation 
by using 
the 
"CMOS_LEVEL" 
and 
"TTLLEVEL" 
keywords 
available 
in 
the 
PLDasm 
design 
language 
of 
PLDshell 
Plus. 
For 
5V 
CMOS 
inputs, 
the 
"CMOS_LEVEL" 
keyword 
(the default 
condition 
for 
PLDasm) 
should 
be used. 
For TTL or 3.3V CMOS 
inputs, the "TTLLEVEL" 
keyword 
should 
be used 
to minimize 
standby 
power consumption. 
Third party 
tools that support 
the FLEXlogic 
family provide 
input 
configuration 
in a method 
specific 
to each tool. For 
Additional 
information 
refer 
to 
Application 
Brief 
AB-27. 


The pins in an I/O block can operate 
at 3.3V by tying 
the appropriate 
Veea 
pins to a 3.3V power 
supply. 


While 
the iFX8160 
still requires 
5V Vee for normal 
operation, 
the Veea 
pin associated 
with each CFB 
block may be connected 
to either 5V or 3.3V to con- 
trol the output voltages 
of the I/O pins in that block. 
This allows the iFX8160 
to be used in mixed voltage 


systems. 
For example, 
the iFX8160 
device 
may be 
used as an interface 
to bridge between 
a 3.3V CPU 
and 5V peripheral 
logic. In addition, 
all input pins are 
5V safe so mixing 3.3V outputs 
and 5V inputs is sup- 
ported. 


The 
device 
can 
also 
be configured 
to enable 
an 
open drain output option for each I/O pin. If desired, 
more complex 
equations 
can be implemented 
by us- 
ing multiple 
open 
drain 
outputs 
with 
an externally 
supplied 
pull-up resistor 
to emulate 
an additional 
OR 
plane. 


There is a weak pullup provided 
for CMOS-compati- 
ble outputs. 
This pullup is always active in both 3.3V 
and 5V modes. 


The iFX8160 output buffers are designed 
specifically 
for applications 
requiring 
high drive current. 
This al- 
lows the iFX8160 to drive a bus, like PCI, without 
the 
need for external 
buffers. 


The 
JTAG/IEEE 
1149.1 
Standard 
Boundary 
Scan 
architecture 
is implemented 
in the 
iFX8160. 
This 
feature 
supports 
fault isolation 
testing 
of board 
de- 
sig[ls at the component 
level and enhances 
produc- 
tion testing, 
field repair, and is ideal for Fault Toler- 
ant applications. 


The iFX8160 
boundary 
scan support 
consists 
of an 
Instruction 
Register, 
a Data Register, 
scan cells, and 
associated 
logic 
which 
are 
accessed 
through 
the 
Test Access 
Port (TAP). The TAP interface 
consists 
of three 
inputs: Test Mode Select 
(TMS), Test Data 


In (TDI) and Test Clock (TCK), and one output: Test 
Data Out (TDO). 


The boundary 
scan cells of the iFX8160 external 
sig- 
nals are linked 
to form 
a shift register 
chain for all 
active pins. This chain provides 
a path which can be 
used to shift in test stimulus 
as well as shift out test 
response 
data for inspection. 


For example, 
a continuity 
test may be performed 
be- 
tween two JT AG devices 
on a circuit board by plac- 
ing a known 
value on the output 
buffers 
of one de- 
vice while 
observing 
the input 
buffers 
of the other 
device. 
This 
same 
technique 
may be used to per- 
form 
simple 
in-circuit 
functional 
testing 
of 
the 
iFX8160 
for prototyping 
new system 
designs. 


The 4-pin JT AG test interface 
is also used for stan- 
dard programming, 
in-circuit 
reconfiguration, 
and in- 


circuit 
programming. 


Boundary Scan Instructions 


The iFX8160 
boundary 
scan Instruction 
Register 
(IR) 
supports 
public 
instruction 
opcodes, 
extended 
in- 
struction 
opcodes 
used 
for 
the 
Program/Verify 
modes, 
and additional 
Intel private 
instructions. 


EXTEST 
(IR OPCODE 
00000 
BINARY) 


The EXTEST instruction 
drives the output pins to the 
values 
contained 
in the boundary 
scan 
cells which 
allows 
testing 
of circuitry 
external 
to the 
iFX8160 
package, 
typically 
for printed 
circuit 
board 
intercon- 
nects. 


BYPASS 
(IR OPCODE 
11111 BINARY) 


The BYPASS 
instruction 
selects 
the one bit ByPass 
Register, 
(BPR), to be connected 
to TDI and TDO. 


The SAMPLE/PRELOAD 
instruction 
is used for two 
functions. 
The SAMPLE/PRELOAD 
instruction 
1) al- 
lows 
a snap-shot 
of the values 
of the 
pins 
of the 
iFX8160 
in an unobtrusive 
manner 
and 2) preloads 
data to the iFX8160 
pins to be driven to the system 
circuit 
board 
when 
executing 
the 
EXTEST 
instruc- 
tion. 


IDCODE 
(IR OPCODE 
00010 
BINARY) 


The IDCODE instruction 
selects 
the ID code register 
to 
be 
connected 
to 
TDI 
and 
TDO 
allowing 
the 
ID-code 
to be serially shifted 
out of TDO . 


UESCODE 
(IR OPCODE 
10110 BINARY) 


The 
UESCODE 
instruction 
selects 
the 
User 
Elec- 
tronic 
Signature 
(UES) register 
to be connected 
to 
TDI and TDO allowing 
the UES code 
to be serially 
shifted 
out of TDO. 


HIZ (IR OPCODE 
01000 
BINARY) 


The 
HIZ instruction 
sets 
all I/Os 
to a high imped- 
ance state. 


FERASE (IROPCODE 
TBD) 


The FERASE 
instruction 
is used to erase 
the non- 
volatile shadow 
FLASH array beore re-programming. 


IN-CIRCUIT 
RECONFIGURATION 
AND 
REPROGRAMMING 


The 
iFX8160 
supports 
in-circuit 
reconfiguration 
through 
the use of the 4-pin JT AG test port. Down- 
loading a new configuration 
can be accomplished 
by 
simply 
shifting 
the 
new 
data 
into the 
device. 
This 
may be done as many times as desired 
in a prototyp- 
ing scenario. 


Once the final version 
of the design 
is confirmed 
it 
may be programmed 
into the 
FLASH 
cells 
so that 
the configuration 
will not be lost even when the pow- 


er is turned off. This is also done through 
the use of 
the JTAG 
test 
port 
plus the 
programming 
voltage 
pins (Vpp). 


The iFX8160 
FLASH cells are also electrically 
eras- 
able and may be reprogrammed. 


Partial reconfiguration 
and reprogrammability 
is also 
supported 
in the iFX8160. 
New configurations 
may 
be downloaded 
to either 
half of the iFX8160 
during 
operation 
to reflect 
changes 
in system 
design. 


• 


A programmable 
security 
bit controls 
access 
to the 
data programmed 
into the device. Once this security 
bit is set, the design cannot 
be read out of the non- 
volatile 
cells or the SRAM. The state of the nonvola- 
tile security 
bit at power-up 
determines 
access 
and 
cannot 
be changed 
by in-circuit 
reconfiguration. 


PLDshell 
Plus is a sophisticated 
development 
tool 
for Intel programmable 
logic and is all you need to 
begin 
designing 
with 
Intel 
FPGAs. 
With 
PLDshell 
Plus, you can develop, 
compile, 
and 
simulate 
effi- 
cient designs 
for Intel FPGAs and PLDs. 


PLDshell 
Plus includes 
several 
enhancements 
over 
earlier versions: 


- 
Design 
Merge 


- 
SRAM Configuration 
Support 


- 
Compare 
Operation 
Support 


- 
Simulation 
Support 
for Intel FPGA 


- 
Vector 
Notation 


- 
Full Mouse 
Support 


- 
Device 
Selector 


PLDshell 
Plus can merge 
multiple 
PDS design 
files 
into any Intel PLD, including 
the Intel iFX8160. 
The 
Merge 
function 
makes 
it easy for designers 
to con- 
solidate 
multiple 
PLDs 
into a single, 
high-perform- 
ance FPGA or PLD. 


PLDshell 
Plus supports 
all of the innovative 
architec- 
tural features 
of the iFX8160 
through 
the implemen- 
tation 
of new language 
syntax such as: 


- 
SRAM configuration 


- 
Compare 
operation 


- 
Buried macrocells 


- 
Clocking 
options 


- 
3.3V and 5V options 


PLDshell 
Plus allows 
the designer 
to simulate 
the 
internal 
function 
of any Intel FPGA or PLD for rapid 
design verification. 


paOllltles: 


- 
Event-driven 
simulation 
of combinatorial, 
regis- 
tered, and state machine 
designs 


- 
Ability to set any input, preload 
any register, 
and 
compare 
any output 
against 
an expected 
value 


- 
Ability 
to group 
signals 
together 
(form a vector) 
to simulate 
a bus 


- 
Generation 
of test 
vectors 
from 
simulation 
re- 
sults for inclusion 
in the JEDEC 
file 


- 
Simulation 
history file with ability to output a sub- 
set of signals to a secondary 
trace file 


The designer 
can develop 
the logic design first, and 
then use the PLDshell 
Plus device selector 
to pick a 
list of appropriate 
devices. 
After 
a design 
is com- 
piled or estimated 
through 
PLDshell 
Plus a report file 
is generated. 
Contained 
in the report file is a listing 
of suggested 
devices 
appropriate 
for the target 
de- 
sign. 


Listed 
below 
are the 
minimum 
requirements 
for a 
system 
in order to use PLDshell 
Plus: 


- 
Intel 386 based 
PC compatible 


- 
4 MB RAM (minimum) 


- 
VGA monitor/adaptor 


- 
DOS 3.1 (or later) 


THIRD-PARTY 
SUPPORT 
DESIGN 
SOFTWARE 


Third party tools support 
is provided 
by the following 
vendors: 


• 
Data I/O 


- 
ABEL: 
Design 
software 
allowing 
you 
to de- 
scribe and implement 
logic designs. 


• 
Logical 
Devices 


- 
CUPL: 
High 
level, 
universal 
design 
software 
package. 


• 
Minc 
- 
PLDesigner-XL(R): 
Powerful 
design 
tool 
that 
can 
be used 
for all types 
of programmable 
logic 
with 
automatic 
device 
selection, 
auto- 
matic partitioning 
and functional 
simulation. 


• 
OrCAD 


- 
PLD Tools 
and Schematic 
Design Tool: Soft- 


ware 
tool 
environment 
including 
schematic 
entry, 
test 
vector 
generation 
and 
multiple 
forms of input. 


- 
Verification/Simulation 
Tool: 
Series 
of 
soft- 
ware tools 
for performing 
timing-based 
simu- 
lation of designs. 


• 
Viewlogic 


- 
ViewPLD 
and 
Powerview: 
Integrated 
sche- 
matic capture 
and simulation 
environment. 


Simulation 
models 
will be provided 
by the following 
vendors: 


• 
Logic Modeling 
Corporation 


- 
Smart 
Model: 
Device 
model 
support 
for be- 
havioral 
simulation 
through 
a variety 
of simu- 
lators. 


• 
View logic 


PROGRAMMING 
SUPPORT 


• 
Products 
in Motion 
(916) 363-5591 


- 
Flexlogic 
Programmer 


• 
BP Microsystems 


- 
PLD 1100 


• 
Data I/O 


- 
Unisite 


- 
2900/3900 


• 
Elan 


- 
Model 6000 
• 


Supply Voltage 
(Vec)(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1l. 
-2.0V 
to + 12.6V 


DC Input Voltage 
(VI)(1, 2) 
-0.5V 
to Vee + 0.5V 


Storage Temperature 
(Tstg) 
- 65·C to + 150·C 


Ambient 
Temperature 
(Tamb)(3) 
-1 O·C to + 85·C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the in- 


puts may undershoot to - 2.0V or overshoot to +7.0V for 
periods less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also 
available. 


NOTICE: This data sheet 
contains 
information 
on 


products in the sampling and initial production phases 
of development. 
The 
specifications 
are subject 
to 


change 
without 
notice. 
Verify with your local 
Intel 


Sales office that you have the latest data sheet be- 
fore finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


VeelVeea 
Supply Voltage-5.0V 
4.75 
5.25 
V 


Veea 
Output Supply 
3.0 
3.6 
V 
Voltage-3.3V 


VIN 
Input Voltage 
0 
Vee 
V 


Va 
Output Voltage 
0 
Veea 
V 


TA 
Operating 
0 
+70 
·C 
Temperature 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


VIH(S) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(S) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(7) 
5V TTL High Level Output 
2.4 
V 
I/O = -16.0 
mA D.C., 


Vee = Min. 


5V CMOS High Level Output 
Veeo 
- 
0.2 
V 
I/O = -100 
fLA D.C., 
Vee = Min . 


3V High Level Output Voltage 
Veeo 
- 
0.2 
V 
.1/0 = -100 
fLA D.C., 
Vee = Min. 


VOL(7) 
5V Low Level Output Voltage 
0.45 
V 
I/O = 24.0 mA D.C., 
Vee = Min . 


3V Low Level Output Voltage 
0.2 
V 
I/O = 12 mA D.C., 
Vee = Min. 


11(8i 
Input Leakage Voltage 
±10 
fLA 
Vee = Max., 
VIN = GND or Vee 


10Z 
Output 
Leakage Current 
±50 
fLA 
Vee = Max., 
VOUT = GND or Vee 


IsC<6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = Max., 
VOUT = 0.5V 


IS8 
Standby 
Power Supply Current 
1 
mA 
VIN = Vee or GND, 
Outputs Open 


Ice 
Power Supply Current 
3 
mA per 
VIN = Vee or GND, 
Active 
MHz 
Outputs 
Open, 
Device Programmed 
as Eight 20-Bit 
Counters 


NOTES: 
4. Typical values are at TA = 2S"e, Vcc = SV. 
S. Absolute values with respect to device GND; all over and undershoots due to system and tester noise are included. Do 
not attempt to test these values without suitable equipment. 
6. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
7. When driving an I/O pin under JTAG boundary scan, IOH = -4.0 
mA and IOL = 12 mA. 
8. Input Leakage current on JTAG pins: ±20 IJ-A 


• 


INPUT ==x 1,5V -- 
TEST POINTS - E 


TO TEST 
SYSTEM 
OUTPUT ==x 1,5V -- 
TEST POINTS - E 


290461-10 


(INCLUDES 
JIG 
CAPACITANCE) 
NOTE: 
Inputs 
are driven 
at 3.0V for a LOGIC 
"1" 
and OV for a 


Logic 
"0", 
Timing 
measurements 
are 
made 
at 
1.5V. 
Outputs 
are measured 
at 1.5V. 
Device 
input 
rise and 
fall times < 3 ns. 


Commercial 
Specification 
S1 
CL 
Measured 
Output 
Value 
R1 
R2 


tpD 
Closed 
1.5V 


tpzx 
Z- 
H:Open 
35 pF 
1.5V 
Z - 
L:Closed 
3300 
2000 


tpxz 
H - 
Z:Open 
5 pF 
H - 
Z: VOH - 
0.5V 
L- 
Z:Closed 
L - 
Z: VOL + 0.5V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Units 


CIN 
Input Capacitance 
VIN = 2V, f = 1.0 MHz 
pF 


Cia 
I/O Capacitance 
VOUT = 2V, f = 1.0 MHz 
pF 


CCLK 
Clock Pin Capacitance 
VOUT = 2V, f = 1.0 MHz 
pF 


Cvpp 
Vpp Pin Capacitance 
f = 1.0MHz 
pF 


NOTE: 
7. These 
values 
are evaluated 
at initial 
characterization 
and whenever 
design 
modifications 
occur 
that 
may affect 
capaci- 
tance. 


iFX8160-10 
iFX8160·12 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 
Mln 
Typ 
Max 


tpD 
Input or I/O to Output Valid 
10 
10 
ns 


tpZX(B) 
Input or I/O to Output Enable 
12 
14 
ns 


tpXZ(B) 
Input or I/O to Output Disable 
12 
14 
ns 


telR 
Input or I/O to Asynchronous 
Clear/Preset 
15 
18 
ns 


tCOMP 
Comparator 
Input or I/O Feedback 
to 
10 
12 
ns 
Output Valid 


REGISTER MODE-iFX8160-10 
CLOCK AC CHARACTERISTICS 


(TA = o·C to + 70·C, Vcc 
= 5.0V ± 5%) 


Synchronous 
Delayed 
Async 
Symbol 
Parameter 
Synchronous 
Units 


Min 
Max 
Mln 
Max 
Min 
Max 


fCNTl 
Max. Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/(tsu 
+ teol)-External 
Feedback 


fCNT2 
Max. Counter 
Frequency 
80 
76.9 
71.4 
MHz 
1/(teNT)-lnternal 
Feedback 


fMAX 
Max. Frequency 
(Pipelined) 
100 
92.9 
80 
MHz 
1/(tep)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
6.5 
5 
2 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
5 
ns 


teOl 
ClK 
to Output Valid 
6 
8 
12 
ns 


te02 
ClK 
to Output Valid Fed through 
16 
18 
22 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to 
12.5 
13 
14 
ns 
Register 
Input-Internal 
Path 


tel 
ClK 
low 
Time 
4.5 
4.5 
5 
ns 


teH 
ClK 
High Time 
4.5 
4.5 
5 
ns 


tep 
ClK 
Period 
10 
10.5 
12.5 
ns 


NOTE: 
B. tpzx 
and tpxz 
are measured 
at ± O.5V from 
steady 
state voltage 
as driven 
by specified 
output 
load. tpxz 
is measure 
with 
CL = 5 pF. Z -+ Hand 
Z -+ l are measured 
at 1.5V on output. 


• 


intel~ 


REGISTER MODE-iFX8160-12 
CLOCK AC CHARACTERISTICS 
(TA = O°C to + 70°C. VCC = 5.0V 
±5%) 


Synchronous 
Delayed 
Async 
Symbol 
Parameter 
Synchronous 
Units 


Min 
Max 
Mln 
Max 
Mln 
Max 


fCNT1 
Max. Counter 
Frequency 
64.5 
64.5 
58.8 
MHz 


1/ (tsu + tC01 )-External 
Feedback 


fCNT2 
Max. Counter 
Frequency 
64.5 
64.5 
58.8 
MHz 
1/ (teNT)-lnternal 
Feedback 


fMAX 
Max. Frequency 
(Pipelined) 
83.3 
80 
66.7 
MHz 
1/(tcp)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
8 
6 
2.5 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
2 
6 
ns 


tC01 
ClK 
to Output Valid 
7.5 
9.5 
14.5 
ns 


te02 
ClK 
to Output Valid Fed through 
19.5 
21.5 
26.5 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output 
Feedback 
to 
15.5 
15.5 
17 
ns 
Register 
Input-Internal 
Path 


tel 
ClKlowTime 
5.5 
5.5 
5.5 
ns 


teH 
ClK 
High Time 
5.5 
5.5 
5.5 
ns 


tep 
ClK 
Period 
12 
12.5 
15 
ns 


COMBINATORIAL 
OR 
REGISTERED 
OUTPUT 


HIGH IMPEDANCE 
3-8TATE 


ASYNCHRONOUS 
CLEARIPRESET 
OUTPUT 


VALID 
INPUT 


/////////#//!//IIIII/////I///I///I/I///////////7///II/ia_~AL_ID 
OU_TPUT,_ 
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IFX8160·10 
IFX8160-12 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


tRC 
Read Cycle Time 
15 
18 
ns 


tAA 
Address 
Access Time 
15 
18 
ns 


tASE 
Block Enable Access Time 
15 
18 
ns 


toE(1) 
Output Enable to Output Valid 
12 
14.5 
ns 


tOH 
Output Hold from Address 
Change 
2 
3 
ns 


tSLZ(1) 
Block Enable to Output in Low Z 
3 
4 
ns 


tSHZ(1.2) 
Block Disable to Output in High Z 
10 
12 
ns 


toLZ(1) 
Output Enable to Output in Low Z 
3 
4 
ns 


DATA 


OUT 


iFX8160-10 
iFX8160-12 
Symbol 
Parameter 
Units 
Min 
Max 
Min 
Max 


tWG 
Write Cycle Time 
15 
18 
ns 


tBW 
Block Enable to End of Write 
10 
12 
ns 


tAW 
Address 
Valid to End of Write 
13 
15.5 
ns 


tAS 
Address 
Set-up Time 
3 
4 
ns 


twP 
Write Pulse Width 
10 
12 
ns 


tWR 
Write Recovery 
Time 
2 
3 
ns 


tow 
Data Valid to End of Write 
10 
12 
ns 


tOH 
Data Hold Time 
2 
3 
ns 


toHZ(1, 2, 3) 
Output Disable to Valid Data In 
10 
12 
ns 


NOTES: 
1. These 
signals 
are measured 
at ± O.5V from 
steady 
state 
voltage 
as driven 
by specified 
output 
load. Z -+ Hand 
Z -+ L 
are measured 
at 1.5V on output. 


2. These 
signals 
are measured 
with GL = 5 pF. 
3. Does not apply for separate 
data in and data out buses. 
• 
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Conditions: 
TA = +2SoC, VCC = SV 


(Note: Eight 20-bit counters) 


POWER-UP 
RESET 
CHARACTERISTICS 
Because 
Vcc rise can vary significantly 
from one ap- 
plication 
to another, 
Vcc 
rise must 
be monotonic. 


The power-up 
cycle is complete 
within a delay of tPR 
after Vcc 
reaches 
the YON value. 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
100 fJ-sMax 


YON 
Turn-On 
Voltage 
4.7SV Min 


Internal 
power-up 
reset 
circuits 
ensure 
that all flip- 


flops 
will be reset to a logic 0 after the device 
has 
powered-up. 
Also, the JTAG 
TAP controller 
will be 
put into the 
Test-Logie-Reset 
state. The outputs 
on 
an unprogrammed 
device will power-up 
in a high im- 
pedance 
state. 


Pin 
Description 
Name 


VCC<1) 
Supply voltage for the iFX8160. All must be connected 
to 5V. 


VSS 
Ground connections 
for the iFX8160. All must be connected 
to GND. 


Vpp(1) 
Programming 
voltage 
for the iFX8160. 
During programming, 
12V must be supplied 
to this pin. 
When not in programming 
mode, this pin may be connected 
to Vcc, Vpp or left floating 
(not 
GND). 


INx 
Input only pins. These pins may not be available 
on all packages. 
Unused inputs should be 
connected 
to Vcc or GND. 


TOI 
The Testability 
Data Input is the boundary 
scan serial data input to the iFX8160. JTAG 
instructions 
and data are shifted into the iFX8160 on the TDI input pin on the rising edge of TCK. 


TDI may be left floating 
if unused. 


TOO 
The Testability 
Data Output is the boundary 
scan serial data output from the iFX8160. JT AG 
instructions 
and data are shifted out of the iFX8160 
on the TOO output on the falling edge of 
TCK. 


TCK 
The Testability 
Clock input provides 
the boundary 
scan clock for the iFX8160. TCK is used to 
clock state information 
and data into and out of the iFX8160 during boundary 
scan or 
programming 
modes. The maximum 
operating 
frequency 
of the boundary 
scan test clock is 8 
MHz. TCK may be left floating 
if unused. 


TMS 
The Testability 
Control input is the boundary 
scan test mode select for the iFX8160. TMS may be 
left floating 
if unused. 


Pin 
Description 
Name 


Vccox(1) 
Supply voltage for the outputs 
of the CFBs. Connecting 
these pins to + 5V causes the CFB to 
output 5V signals. Connecting 
these pins to + 3.3V causes the CFB to output 3.3V signals. 


These pins must always be connected 
to the desired output drive voltage. 


CLKx 
Global clocks. 


I/Oxx 
Pins that can be configured 
eithor as an input or an output. Unused I/O pins should be 
connected 
to Vcc or GND. 


NOTES: 
1. Proper 
power 
decoupling 
is required 
on all power 
pins. A 0.01 
J.LFdecoupling 
capacitor 
is recommended 
between 
the 


power 
pin and ground. 


•• 


intel. 


Electronic design has been a process of defining and 
implementing "black boxes". System level parameters 
are defined, and the system black box is broken into 
subsystem black boxes, which are subdivided again and 
again until the component level is reached. FPGAs 
were developed to function as large, highly-integrated 
black boxes to implement diverse logic functions, and 
the FLEXlogic FPGA family gives a designer the ulti- 
mate, flexible black box. 


FLEXlogic FPGAs were designed to meet increasingly 
stringent design requirements. The first members of the 
FLEXlogic family can operate at 80 MHz system fre- 
quencies with predictable 10 ns pin-to-pin logic delays. 
FLEXlogic 
FPGAs 
are designed with Configurable 


Function Blocks (CFB) that can function as 24VIO-like 
logic or SRAM. The CFBs are interconnected with In- 
tel's high-speed Global Interconnect Matrix that allows 
PLD-like performance in a high density device. Besides 
traditional 
sum-of-products 
and register logic func- 
tions. FLEX logic CFBs can also perform fast identity 
compares or be configured as a block of 128 x 10 
SRAM. 


You 
can 
start 
developing 
with 
FLEX logic 
now 


using Intel's free PLDshell Plus development tool. This 
tutorial will show you how to create a simple design 
using PLDshell Plus. You can also create FLEXlogic 
designs using the development tools that you now use; 
FLEXlogic FPGAs are supported on most third-party 
development tool systems. 


JTAG 
292105-1 


or fewer product terms, but some functions require 
many more product terms to implement. Giving each 
macrocell enough resources to implement all functions 
is wasteful and expensive, but macrocells must also be 
able to implement large, complex functions. FLEXlogic 
uses an innovative product-term 
allocation scheme to 


maximize resource utilization and design fit. Pairs of 
product terms are steered from one macrocell to its 
neighbor, allowing macrocells to implement functions 
with up to 16 product terms. 


FLEXlogic FPGAs are as easy to design with as the 
earliest PLDs; simply write the logical equations, devel- 
op a truth table, or enter the schematic equivalent. 


outl = inl • in3 
+ in4 • inS • in6 • in7 • in8 • in9 • inlO 


Up to 16 product terms can be included in a single 
sum-of-products equation. Most functions require three 
• 


requiring one pass through a Configurable Function 
Block take 10 ns. This includes 16 product-term equa- 
tions and 12-bit identity compares. 
Identity compares can be defined in parallel with other 
logic functions: 
Function results can be loaded into macrocell registers. 
Each register can be individually configured as a D or 
T register. SR and JK registers can also be emulated. 
Register clocking is user programmable in each macro- 
cell, accommodating a variety of timing requirements. 
Registers can be clocked on the rising or falling edge of 
an external clock, a delayed external clock, or a func- 
tion generated clock. 


The comparator 
uses the same inputs as other CFB 
logic, and works in parallel, so that compares can be 
included in logic equations, and still deliver the result 
in 10 ns. 


Determining if FLEXlogic can meet your timing re- 
quirements is equally easy; all combinatorial functions 


PIN 
clkl 
out!. CLKF = clkl 
out2.CLKF 
= /clkl 
out3.CLKF 
= clkl 
DELAYCLK 
out4.CLKF 
= in8*in3*in4 


;define 
a synchronous 
clock 
;clock 
on 
rising 
edge 
;clock 
on 
falling 
edge 
;delayed 
clock 
;function 
generated 
clock 


The result, either registered or combinatorial, of each macrocell is always feedback to the Global Interconnect 
Matrix. The macrocell's I/O pin can be an output, input, or bi-directional, and is always available to the Global 
Interconnect Matrix. 


out!. TRST = VCC 
out2.TRST 
= GND 
out3.TRST 
= inl*in2 


;dedicated 
output 
;dedicated 
input 
;bi-directional 


BUFFRAM[O:61.ADDR 
= AO, AI, 
A2, A3, A4, AS, A6 
BUFFRAM[O:91.DATA 
= DIN[O:9] 
BUFFRAM.BE = in8 
BUFFRAM.WE= write_enable 


The physical limitations of silicon demand that high-performance electrical designs move to 3.3V or lower voltages. 
FLEXlogic FPGAs are the first programmable logic devices to address designers' needs for 3.3V and SV logic. Each 
CFB can be configured as 3.3V or SV logic by tying its VCCOpin tQthe appropriate supply voltage. Adding 3VOLT 
or SVOLT to a macrocell's pin definition allows the compiler to group it with other cells with the same logic level.• 


, 
FAST REGISTERED SPEED TSU, TSO 
8-MACROCELL 
PLDs 


These register optimized timing PLDs offer 
superior design features: 


• 
Low-Power, High-Performance 
Upgrade 
for SSIIMSI Logic and Bipolar PALs· 
High-Performance 
Systems 


• 
Replacement or Upgrade for 16V81 
20V8 PAL and GAL Architecture 


• 
8 Macrocells with Independently 
Programmable 
1/0 Architecture 


85C220-100 
AND 85C224-100 
• 
100 MHz Max Frequency (External 
Feedback); 5.5 ns (Max) Clock to 
Output; 4.5 ns (Mln) Set-Up Time 


• 
Meets Critical Timing Requirements of 
Advanced Intel Microprocessor 
Systems 


• 
7.5 ns (Max) Propagation Delay 


• 
Typical Ice = 90 mA 
• 
Available In 20-Pln and 28-Pln PLCC 
Packages 


• 
Low Power and Output Skew for Clock 
Device Applications 


• 
Up to 18 Inputs (10 Dedicated and 
8 1/0) and 8 Outputs 


• 
Programmable "Security 
Bit" Allows 
Total Protection 
of Proprietary 
Designs 


• 
100% Generally Tested Logic Array 


85C220-80 
AND 85C224-80 
• 
Quarter Power (Ice = 40 mAl; 
Programmable Zero Power Mode 
(50 /-LATypical) 


• 
80 MHz Max Frequency (External 
Feedback); 5.5 ns (Max) Clock to 
Output; 7 ns (Mln) Set-Up Time 


• 
10 ns Propagation Delay 


• 
High-Speed Upgrade to EP320, EP330, 
and 5C032 


• 
Available in 300-mil 20-Pln and 24-Pin 
CerDIP/PDIP Packages, and 20-Pin and 
28·Pin PLCC Packages 


Intel386™, 
i486TM and i860TM are trademarks 
of Intel Corporation. 
'PAL 
is a registered 
trademark 
of Advanced 
Micro 
Devices. 
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High Frequency/Low 
Output Skew 
Clock Driver 
. 


The 85C220 
and 85C224-100 
displays 
dramatically 


reduced 
output pin skew in comparison 
with industry 


clock 
driver 
products. 
With 
high performance 
sys- 


tems relying on increasingly 
faster clocking 
frequen- 


cies, managing 
the timing of high frequency 
system 


clocks 
is now 
more 
important 
than 
ever. 
Whether 


the configuration 
is combinatorial 
(as with 
a clock 


driver) or registered 
(as with a frequency 
divider) the 


output skew (Tas) is typically 
less than 300 pico sec- 


onds! The extremely 
low output skew of the 85C220 


and 85C224 
make the devices 
ideal for a variety 
of 


high frequency 
system 
clock 
related 
applications 
in- 


cluding 
Pentium™ 
microprocessor, 
Intel486 
and PCI 


Bus designs. The 85C224-1 00 combines 
the flexibili- 


ty of programmable 
logic with the industry's 
lowest 


output 
skew. 


The Intel 85C220/85C224 
8-micron 
CHMOS 
fLPLD 
(Microcomputer 
Programmable 
Logic Device) 
is ca- 
pable of implementing 
over 300 equivalent 
gates of 
user-customized 
logic 
functions 
through 
program- 
ming. 
With 
its 
flexible 
I/O 
architecture 
and 
fast 
speeds, 
this device 
has functional 
capabilities 
that 
surpass 
those 
of typical 
programmable 
logic devic- 
es. This device 
can be used to upgrade 
high-speed 
bipolar 
programmable 
logic 
devices 
and 
74-series 
LS and CMOS SSI and MSI logic devices 
in bus con- 
trol and state-machine 
applications 
for Advanced 
In- 
tel 
Microprocessors, 
i486™, 
Inte1386™, 
and 
Intel 
i860™-based 
systems 
and other 
high-performance 
processors. 
The 85C220/85C224 
can also be used 
as a direct, 
low-power 
replacement 
for 
almost 
all 
high-speed 
20-pin 
and 24-pin 
fuse-based 
program- 
mable 
logic devices. 


The 85C220/85C224 
uses advanced 
EPROM 
cells 
as architecture 
and logic control 
memory 
elements. 
Coupled 
with Intel's proprietary 
CHMOS 
IIiE technol- 
ogy, these 
devices 
offer a fast tpD in combinatorial 
mode, 
with 
current 
consumption 
much 
lower 
than 
bipolar 
devices 
of equivalent 
speed. 
The maximum 


"count" 
frequencies 
of 100 MHZ and 80 MHz are 
optimized 
for high-performance 
state machines 
typi- 
cally 
encountered 
in 
bus 
control 
applications. 
EPROM 
technology 
allows 
these 
devices 
to 
be 
100% factory 
tested 
by programming 
and erasing all 
the EPROM 
logic control 
elements. 


The inherent 
speed 
of the device 
together 
with its 
lower power demands 
and plastic package 
make the 
85C220/85C224 
an 
ideal 
production 
vehicle 
for 
high-volume 
manufacturing 
of 
high-performance 
systems. 
The 85C220/85C224 
will improve 
perform- 
ance 
and reliability, 
while decreasing 
system 
noise, 
power consumption 
and heat generation. 


The architecture 
of the 85C220/85C224 
is based on 
the SOP (Sum of Products) 
PAL structure 
with a pro- 
grammable 
AND array feeding 
into a fixed OR array. 


Programmable 
macrocells 
allow 
the 
device 
to ac- 
commodate 
both combinatorial 
and sequential 
logic 
functions. 
Each macrocell 
is individually 
programma- 
ble for combinatorial 
or registered 
output. 
An invert 
option 
on the SOP allows 
each output to be config- 
ured as an active-high 
or active-low 
output. 


As shown 
in Figures 
2 and 3, the 85C220/85C224 
contains 
10/14 
dedicated 
inputs 
and 
8 I/O 
pins. 


Each 
I/O 
pin can 
be 
individually 
programmed 
to 
function 
as an input, output, 
or bidirectional 
I/O pin. 


Associated 
with 
each 
I/O 
pin is a programmable 
macrocell. 


Figures 
4 and 5 show the 'structure 
of the 85C220/ 
85C224 
macrocell. 
Each 
macrocell 
includes 
a 
p-term 
(product 
term) block with eight AND p-terms 
feeding 
the OR gate of the 
I/O 
control 
block 
and 
one additional 
p-term 
controlling 
the output 
buffer. 


The 
logic 
array 
is 36 
rows 
wide, 
allowing 
each 
p-term 
in the device 
to connect 
to the true or com- 


plement 
of 
each 
input 
and 
I/O 
feedback 
signal. 


Each intersecting 
point in the logic array is connect- 
ed 
or 
not 
connected 
based 
on 
the 
value 
pro- 


grammed 
in the 
EPROM 
array. 
Initially 
(EPROM 
erased 
state), 
all p-terms 
are connected 
to all sig- 
nals. Connections 
are broken 
by programming 
the 
appropriate 
EPROM 
cells. Connecting 
both the true 
and complement 
of a signal 
for a given 
p-term 
re- 
moves 
that 
p-term 
from the SOP for the macrocell 
(i.e., that p-term is a "don't 
care"). 


Figure 6 shows the architecture 
of each macrocell's 
I/O control 
block. The SOP input to the I/O control 
block 
can 
be inverted 
or non-inverted. 
The 
output 
can be registered 
or combinatorial. 
When registered 
output 
is 
selected, 
feedback 
to 
the 
logic 
array 
comes 
directly 
from 
the register 
(before 
the output 
buffer). When combinatorial 
output is selected, 
feed- 
back comes from the I/O pin (after the output buffer) 
and can be used for bidirectional 
I/O. The register 
is 
a D-type 
register 
that 
clocks 
on the rising edge 
of 
CLK. 


20-PIN AND 24-PIN 
PLD 
COMPATIBILITY 
. 


The 85C220/85C224 
is designed 
to be a logical 
su- 


perset of most high-speed 
20-pin and 24-pin bipolar 
PAL and GAL devices. 
The I/O and logic sections 
of 
the device 
can be configured 
to emulate 
any of the 
devices 
listed 
below. 
Designers 
can 
often 
replace 
multiple 
PALs with fewer 
85C220/85C224 
devices. 


Tables 
1 and 
2 include 
some 
of the 
devices 
with 
which the 85C220/85C224 
are compatible. 


10 ns-20-Pln 
and 24-Pin 


Company 
20·Pin Part 
24-Pln Part 


Intel 
85C220·80 
85C224·80 


AMD 
PAL16L8D 
PAL20L8-10 


AMD 
PAL16R8D 
PAL20R8-10 


AMD 
PAL16R8-7 
PAL20R8-7 


AMD 
PALCE16V8 
PALCE20V8 


National 
GAL16V8A 
GAL20V8A 


National 
PAL16L8D 
PAL20L8D 


National 
PAL16R8D 
PAL20R8D 


National 
PAL16R8-7 
N/A 


Signetics 
PLUS16L8D 
PLUS20L8D 


Signetics 
PLUS16R8D 
PLUS20R8D 


Signetics 
PLUS16R8-7 
PLUS20R8-7 


TI 
TIBPAL 16L8-10 
TIBPAL20L8-10 


TI 
TIBPAL 16R8-1 0 
TIBPAL20R8-10 


TI 
TIBPAL16R8-7 
TIBPAL20R8-7 


12 nS-:-20·Pin 
and 24·Pin 


Company 
20-Pin Part 
24·Pin Part 


Intel 
85C220-66 
85C224·66 


AMD 
PAL16L8 
PAL20L8 


AMD 
PAL16R8 
PAL20R8 


AMD 
PALCE16V8 
PALCE20V8 


Cypress 
PALC16L8 
PALC20L8 


Cypress 
PALC16R8 
PALC20R8 


National 
GAL16V8A 
GAL20V8A 


National 
PAL16L8 
PAL20L8 


National 
PAL16R8 
PAL20R8 


Signetics 
PLUS16L8 
PLUS20L8 


Signetics 
PLUS16R8 
PLUS20R8 


TI 
TIBPAL16L8 
TIBPAL20L8 


TI 
TIBPAL16R6 
TIBPAL20R6 


TI 
TIBPAL16R8 
TIBPAL20R8 • 
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Figure 3. 85C224 Global Architecture 
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The 
85C220/85C224-80 
and 
-66 
contains 
a pro- 
grammable 
bit, the Turbo 
Bit, that optimizes 
opera- 
tion either for speed or for power savings. When the 
Turbo 
Bit is programmed 
(TURBO 
= ON), the de- 
vice is optimized 
for maximum 
speed. When the Tur- 
bo Bit is not programmed 
(TURBO = OFF), the de- 
vice 
is 
optimized 
for 
power 
savings 
by 
entering 
standby 
mode during periods 
of inactivity. 


Figure 
7 shows 
the device 
entering 
standby 
mode 
approximately 
75 ns after the last input or I/O tran- 
sition. 
When 
the next input or I/O 
transition 
is de- 
tected, 
the device 
returns 
to active 
mode. 
Wakeup 
time 
adds 
an additional 
20 ns to the 
propagation 
delay through 
the device 
as measured 
from the first 
transition. 
No delay will occur 
if an output 
is depen- 
dent on more than one input and the last of the in- 
puts changes 
after the device has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 
automatic 
standby 
mode is enabled. 
When the Tur- 
bo Bit is programmed 
(ON), the device 
never enters 
standby 
mode. 


85C220/85C224 
inputs and outputs 
begin respond- 


ing 1 p.s (max.) after Vcc 
power-up 
(Vcc 
= 4.75V) 
or after a power-Ioss/power-up 
sequence. 
All mac- 
rocells programmed 
as registers 
will be set to a logic 
low. 


Prior to programming 
or after erasure, 
the I/O struc- 
ture is configured 
for combinatorial 
active low output 
with input (pin) feedback. 


Erasure time for the 85C220/85C224 
is 1 hour at 
12,000 p.Wsec/cm2 
with a 2537A 
UV lamp. 


Erasure 
characteristics 
of the device 
are such that 
erasure 
begins to occur 
upon exposure 
to light with 
wavelengths 
shorter 
than 
approximately 
4000A. 
It 
should 
be noted 
that 
sunlight 
and certain 
types 
of 
fluorescent 
lamps have wavelengths 
in the 3000A- 
4000A 
range. Data shows that constant 
exposure 
to 
room level fluorescent 
lighting 
could erase the typi- 
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cal 
85C220/85C224 
in 
approximately 
six 
years, 
while 
it would 
take 
approximately 
two 
weeks 
to 
erase the device when exposed 
to direct sunlight. 
If 
the device 
is to be exposed 
to these 
lighting 
condi- 
tions 
for 
extended 
periods 
of 
time, 
conductive 
opaque 
labels should be placed over the device win- 
dow to prevent 
unintentional 
erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
85C220/85C224 
is exposure 
to shortwave 
utraviolet 
light with a wavelength 
2537 A. The integrated 
dose 
(i.e., 
UV 
intensity 
x 
exposure 
time) 
for 
erasure 
should 
be a minimum 
of forty (40) Wsec/cm2. 
The 
erasure 
time 
with 
this 
dosage 
is approximately 
1 
hour 
using 
an 
ultraviolet 
lamp 
with 
a 
12,000 ,...W Icm2 power rating. The device should be 
placed 
within 
1 inch of the lamp tubes during expo- 
sure. 
The 
maximum 
integrated 
dose 
the 85C2201 
85C224 
can be exposed 
to without 
damage 
is 7258 
Wsec/cm2 
(1 week 
at 12,000 
,...W/cm2). 
Exposure 
to 
high 
intensity 
UV light 
for 
longer 
periods 
may 
cause permanent 
damage 
to the device. 


Intelligent 
Programming 
Algorithm 


The 
85C220/85C224 
support 
the 
Intelligent 
Pro- 
gramming 
Algorithm, 
which 
rapidly 
programs 
Intel 
EPLDs, 
and 
many 
of 
Intel's 
microcontrollers 
and 
EPROMs 
while maintaining 
a high degree of reliabili- 
ty. It is particularly 
suited 
for 
production 
program- 
ming 
environments. 
This 
method 
decreases 
the 
overall 
programming 
time while reliability 
is ensured 
as the incremental 
programming 
margin 
of each bit 
has been verified during programming. 
Programming 
voltage 
and waveform 
specifications 
are available 
by request 
from 
Intel 
to support 
device 
program- 
ming. 


All of the input, output, 
and clock 
pins of the device 
have been designed 
to resist latch-up which is inher- 
ent 
in 
inferior 
CMOS 
structures. 
The 
85C2201 


85C224 
is designed 
with Intel's 
proprietary 
1-micron 


• 


CHMOS 
IIIE EPROM 
process. 
Thus, 
each 
of the 
pins will not experience 
latch-up 
with currents 
up to 
± 100 mA and voltages 
ranging from 
-0.5V 
to (Vcc 
+ 0.5V). The programming 
pin is designed 
to resist 
latch-up 
to the 13.5V maximum 
device 
limit. 


For proper 
operation, 
it is recommended 
that all in- 
put and output 
pins be constrained 
to the voltage 
range GND 
~ (VIN or VOUT) ~ Vcc. 
All unused 
in- 
puts and II0s should be tied high or low to minimize 
power consumption 
(do not leave them floating). 
On 
the 85C224 
PLCC package, 
the optional 
power 
pin 
(pin 1) and optional 
ground 
pins (8, 15, and 22) may 
be connected 
to power and ground, 
respectively, 
to 
reduce 
output 
switching 
noise. A high-speed 
power 
supply decoupling 
capacitor 
of at least 0.2 Il-F must 
be connected 
directly 
between 
the Vcc 
and 
GND 
pins. 


As with all CMOS devices, 
ESD handling 
procedures 
should 
be used with the devices 
to prevent 
damage 
to the devices 
during 
programming, 
assembly, 
and 
test. 


The 
85C220 
and 85C224 
are supported 
by Intel's 
PLDshell 
Plus software 
as well 
as third-party 
logic 
compilers 
such 
as ABEL", 
CUPL", 
PLDDesigner", 
Log/IC", 
etc. 


PLDshell 
Plus software 
is a free design package 
that 


accepts 
PALASM 
2-compatible 
source 
files. 


PLDshell 
Plus software 
allows you to design in a fa- 
miliar language 
and to functionally 
simulate 
your de- 


sign. You can also 
invoke 
third-party 
design 
pack- 


ages directly 
from the PLDshell 
Run menu. 


iPLS II includes 
the LOC (Logic Optimizing 
Compiler) 


and 
APT 
(Advanced 
Programming 
Tool). 
For 
de- 
tailed 
information 
on iPLS 
II, refer 
to the 
iPLDS 
II 


Data Sheet, 
order number: 
290134. 


The following 
ADF primitives 
are supported 
by this 


device: 


INP 


CONF 


COIF 


RONF 


RORF 


NORF 


Programming 
for the 85C220 
is supported 
by APT 
on the GUPI 20D20J 
Programming 
Adaptor 
using ei- 


ther 
an 
iUP-PC 
Personal 
Programmer 
or an 
iUP- 
200Al201A 
Universal 
Programmer. 
Programming 
for the 85C224 
is supported 
by the same software I 
platforms 
using 
the 
GUPI 
24D28J 
Programming 
Adaptor. 


85C220/85C224 
programming 
support 
is also 
pro- 
vided by third-party 
programmer 
companies 
such as 
Data 1/0, 
Logical 
Devices, 
STAG, 
etc. Please 
refer 


to the "Programming 
Support" 
lists in the Program- 


mable Logic handbook 
for complete 
information 
and 
vendor 
contacts. 


fCNT1 
fMAX 
tpD 
Order 
Code 
Order 
Code 
Package 
Operating 
Range 
(MHz) 
(MHz) 
(ns) 
20-Pin 
24·Pin 


100 
115 
7.5 
N85C220-100 
N85C224-100 
PLCC 
Commercial 


80 
111 
10 
D85C220-80 
D85C224·80 
tCerDIP 
Commercial 


P85C220·80 
P85C224·80 
PDIP 


N85C220·80 
N85C224-80 
PLCC 


66 
90.9 
12 
D85C220-66 
D85C224-66 
tCerDIP 
Commercial 


P85C220-66 
P85C224-66 
PDIP 


N85C220-66 
N85C224-66 
PLCC 


'ABEl 
is a trademark 
of Data 110, Corporation. 
CUPl 
is a trademark 
of logical 
Devices, 
Inc. PlDesigner 
is a trademark 
of 


MINC, 
Inc.' 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(Vecl(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(V,)(1, 2) 
- 0.5V to Vee + 0.5V 


Storage Temperature 
(TSTG) 
- 65°C to + 150°C 


AmbientT 
emperature 
(TAMS)(3) .. -10°C 
to + 85°C 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the in- 
puts may undershoot to - 2.0V or overshoot to + 7.0V for 
periods of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also 
available. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


D.C. CHARACTERISTICS 
(TA = O°Cto 
+ 70°C, Vee = 5.0V ±5%) 


85C220/85C224-100 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


Vll(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
I/O = -4.0 
mA D.C., Vee = Min 


VOL 
Low Level Output Voltage 
0.45 
V 
I/O = 24.0 mA D.C., Vee = Min 


II 
Input Leakage Current 
±10 
,...A 
Vee = Max, GND < VIN < Vee 


loz 
Output Leakage Current 
±10 
,...A 
Vee = Max, 
GND < VOUT < Vee 


Isel6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = Max, VOUT = 0.5V 


Ice 
Power Supply Current 
60 
90 
mA 
Vee = Max, VIN = Vee or GND, 
No Load, fiN = 25 MHz, 
Device Prog. as an a-Bit Counter 


85 
115 
mA 
fiN = 100 MHz 


• 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee+0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vee = Min 


VOL(5) 
Low Level Output Voltage 
0.45 
V 
10 = 12.0 mA D.C., Vee = Min 


II 
Input Leakage Current 
±10 
p.A 
Vee = Max, GND < VIN < Vee 


loz 
Output 
Leakage Current 
±10 
p.A 
Vee = Max, 
GND < VOUT < Vee 


ISc'6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = Max, VOUT = 0.5V 


IS8(7) 
Standby 
Current 
50 
500 
p.A 
Vee = Max, VIN = Vee or 
GND, Standby 
Mode 


Ice 
Power Supply Current (see 
2 
5 
mA 
Vee = Max, VIN = Vee or 
Ice vs Frequency 
Graph) 
GND, No Load, fiN = 1 MHz, 
Device Prog. as an 8-Bit 
Counter, 
Non-Turbo 
Mode 


35 
50 
mA 
fiN = 15 MHz, Active Mode 


45 
60 
mA 
fiN = 80 MHz, Active Mode 


NOTES: 
4. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 


5. Maximum 
DC IOl for the device 
(all 8 outputs) 
is 64 mA. 


6. Not more than 
1 output 
should 
be tested 
at a time. Duration 
of that test should 
not exceed 
1 second. 


7. In Non-Turbo 
Mode 
(TUR80=OFF), 
device 
enters 
standby 
mode 
approximately 
75 ns after the last input transition. 


-80 and -66 


5V 


-100 


5V 


TO TEST 
SYSTEM 


(INCLUDES 
JIG 
CAPACITANCE) 


TO TEST 
SYSTEM 


(INCLUDES JIG 
CAPACITANCE) 


3.0V 


eLK 


OV 


3.0V 
INPUTS 
(SETUP 
AND HOLD) 
OV 


OUTPUTS 


-----1.-"1- '"'roO" -~ 
3-'".,~ 
__ 
*_.5_V 
_ 


~===~~~~~~~-_-_1-_-'~'5_*- 
=,ro". 
290224-8 
A.C. Testing: Inputs (including ClK) are driven at 3.0V for a logic "1" and OV for a logic "0". Setup and hold input 
measurements relative to ClK are made at 2.0V on ClK (Iow-to-high transition). Inputs are measured at 2.0V for a high 
and 0.8V for a low. Outputs are measured at 1.5V. Device input rise and fall times are less than 3 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
4 
6 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/O Capacitance 
5 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CClK 
ClK 
Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
8 
10 
pF 
Vppon 
Pin 11/13, f = 1.0 MHz 


NOTES: 
8. These values are evaluated during initial characterization and whenever design modifications occur that may affect capac- 
itance. 
A.C. CHARACTERISTICS 
(TA = O·Cto 
+70·C, 
Vcc = 5.0V ±5%)(9) 
85C220·100/· 
85C220·801 
85C220·661 
Non- Turbo(10) 
Symbol 
Parameter 
85C224-100 
85C224·80 
85C224·66 
Unit 
Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


tpD(11) 
Input or I/O 
3 
7.5 
4 
10 
4 
12 
+20 
ns 
to Output 


tpZX(12) 
Input or I/O 
3 
9 
4 
12 
4 
12 
+20 
ns 
to Output 
Enable 


tpXZ(12) 
Input or I/O 
3 
9 
4 
10 
4 
12 
+20 
ns 


to Output 
Disable 


Tos 
Registered 
150 
250 
300 
ps 
Output Skew 


Tos 
Comb. 
150 
300 
400 
ps 


Output Skew 


NOTES: 
9. Typical values are at TA = +25°C. Vcc = 5V, Active Mode. 
10. If device is operated in Standby Mode (Standby bit = low) and the device is inactive for approximately 75 ns, increase 
time by amount shown for -80 and -66 only. 
11. Measured with all eight outputs switching. 
12. tpzx and tpxz are measured at ±0.5V from steady state voltage as driven by specification output load. tpxz is measured 
with CL = 5 pF. Measured with all eight outputs switching. 
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I\) 
~ 
SYNCHRONOUS 
CLOCK MODE 
(TA = O·C to 70·C, Vcc = 5V ± 5%)(9) 


85C220-100/ 
85C220-80/ 
85C220-66 
Non-Turbo(10) 
Symbol 
Parameter 
85C224-100 
85C224-80 
85C224-66 
Units 
Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


fCNT1(11) 
Maximum Counter Frequency 
111 
100 
100 
80 
80 
66 
MHz 
1/ (tsu + tco)-External 
Feedback 


fCNT2(11) 
Maximum Counter Frequency 
115 
111 
100 
90 
83.3 
MHz 
1/(tCNT)-lnternal 
Feedback 


fMAX(11) 
Maximum 
Frequency 
(Pipelined) 
115 
125 
111 
100 
90.9 
MHz 
1/ (tcw)-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
4.5 
7 
9 
+20 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
0 
0 
ns 


tC01 
ClK 
High to Output Valid 
3 
5.5 
1.5(13) 
5.5(11) 
1.5(13) 
6(11) 
ns 


tC02 
ClK 
High to Output Valid Fed 
4.5 
10 
4.5 
13 
4.5 
15 
+20 
ns 
through Comb. Macrocell 


tCNT(11) 
Macrocell 
Output Feedback 
to 
10 
10 
12 
+20 
ns 
Macrocellinput-internal 
Path 


tCl 
ClK 
low Time 
4 
4 
5 
ns 


tCH 
ClK 
High Time 
4 
4 
5 
ns 


tcw 
elK 
Period 
10 
9 
11 
ns 


NOTE: 
13. tC01 min. is measured 
with one output 
switching, 
TA = O·C, Vcc 
= 5.25V. 


85C220/85224 
Icc vs Frequency 
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Conditions: 
TA = 25'C 
Vcc 
= 5.25V 


85C220/85C224 
tpD Derating 
vs Capacitive 
Loading 


+4 ns 


Q. 


+3 ns 
2 
2 
+2 ns 
Q;c 
0~ 
+ 1 ns 


o ns 


110 pF 


Capacitance 


Conditions: 
TA = 70'C 
Vcc 
= 4.75V 


ESD 
PROTECTION 


INPUT 
PIN 
FEEDBACK 
PRELOAD 
AND 
PROGRAM! 
VERIFY 
CIRCUITS 
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85C220/85C224 
Output Drive Current 
in Relation 
to Voltage 
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Internal 
power-up 
reset 
circuits 
ensure 
that 
all f1ip- 
flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must be 
monotonic. 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
1000 ns Max. 


VON 
Turn-On 
Voltage 
4.75V 


POWER 
I, 
VON 
(vcc) 
. :.---tpR_: 


CLOCK I 


~tsUI~ 


,min.:, -/--- 


:_tCL~ 


Description 
85C220 
85C224 
oJa-Junction-to-Ambient 
68°C/W-CerDIP 
55°C/W-CerDIP 
Thermal 
Resistance 
90°C/W-PDIP 
65°C/W-PDIP 
90°C/W-PLCC 
65°C-PLCC 
oJc-Junction-to-Case 
30°C/W-CerDIP 
55°C/W-CerDIP 
Thermal 
Resistance 
25°C/W-PDIP 
20°C/W-PDIP 
25°C/W-PLCC 
20°C/W-PLCC 


Process 
CHMOS 
IIIE, PX29.5 
CHMOS 
IIIE, PX29.5 


lee Hot-Ambient 
@70°C 
40 mA (-80 Only) 


lee Typical-Ambient 
@25°C 
40 mA (-80 Only) 


-004 to -005 


Addition 
of specification 
for clock driver. 


O:J"~~U/O:J"~~4-( 
ANU -lU 
FAST TpO, HALF-POWER 
8-MACROCELL 
PLDs 


These 
Combinatorial 
Optimized 
Timing 
PLDs Offer Superior Design Features: 


• 
High-Performance Low-Power Upgrade 
for -7 and -10 Bipolar/CMOS· PLD's in 
High-Performance Systems 


• 
tpD 7.5 ns, 74 MHz Frequency with 
100 MHz Frequency with Internal 
Feedback and with No Feedback 


, • 
Up to 18/22 Inputs and 8 Outputs 
(18/22 Inputs = 10/14 Dedicated and 8 
I/O) 


• 
8 I/O Macrocells with Programmable 
I/O Architecture 
(Register/Combinatorial) 


• 
Low Output Skew for Clock Driver 
Applications 


• 
"Half-Power" lee = 90 mA Max. at 
25 MHz 


• 
Output Buffers Optimized for Low- 
Noise Operation 


• 
Extensive Software and Programming 
Support via Intel and Third-Party Tools 


• 
Available in 20-Pin/28-Pin PLCC and 20- 
Pin/24-Pin PDIP Packages 


(See 
Packaging 
Spec., 
Order 
Number 
240800, 


Package 
Types 
Nand 
P) 
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Figure 1a. Pinout Diagrams 


'GAL 
is a registered 
trademark 
of Lattice 
Semiconductor 
Corporation. 


'PAL 
is a registered 
trademark 
of Advanced 
Micro 
Devices. 
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The Intel 85C220-7 
and 85C224-7 
1-micron 
CMOS 
f-tPLDs (Microcomputer 
Programmable 
Logic Devic- 
es) 
are 
superset 
devices 
capable 
of 
upgrading 
7.5 ns PALs/GALs· 
and 
74-series 
LS and 
CMOS 
SSI and MSI logic devices 
in high-performance 
mi- 
crocomputer 
systems. 
The inherent 
speed of the de- 
vices together 
with their lower power 
demands 
and 
plastic 
packaging 
make 
the 
85C220 
and 
85C224 
ideal production 
vehicles 
for high-volume 
manufac- 
turing of high-performance 
systems. 
These 
devices 
can improve 
performance 
while 
decreasing 
system 
noise, power consumption, 
and heat generation. 


The 
85C220/85C224 
use advanced 
EPROM 
cells 
as architecture 
and logic control 
memory 
elements. 
Coupled 
with Intel's proprietary 
CMOS IIiE technolo- 
gy, 
the 
devices 
offer 
a fast 
tpD 
in combinatorial 
mode, and fast counter 
frequencies 
in registered 
ap- 
plications 
with current consumption 
much lower than 
bipolar 
devices 
of equivalent 
speed. 
EPROM 
tech- 
nology 
allows 
these 
devices 
to 
be 
100% 
factory 
tested 
by programming 
and erasing 
all the EPROM 
logic control 
elements. 


The architecture 
of the devices 
is based on the SOP 
(Sum of Products) 
PAL structure 
with a programma- 
ble AND 
array 
feeding 
into a fixed 
OR array. 
Pro- 
grammable 
macrocells 
allow 
the device 
to accom- 
modate 
both 
combinatorial 
and 
sequential 
logic 
functions. 
Each macrocell 
is individually 
programma- 
ble for combinatorial 
or registered 
output. 
An invert 
option 
on the SOP allows each output 
to be config- 
ured as an active-high 
or active-low 
output. 


Vee 


INP14 


1/0.1 


1/0.2 


1/0.3 


1/0.4 


1/0.5 


1/0.6 


1/0.7 


1/0.8 


INP13 


INP12 


As shown 
in Figure 2, the 85C220 
contains 
10 dedi- 
cated 
inputs 
and 
8 I/O 
pins. 
Figure 
3 shows 
the 
85C224, 
which 
contains 
14 dedicated 
inputs 
and 8 
I/O pins. On both devices, 
each I/O pin can be indi- 
vidually 
programmed 
to function 
as an input, output, 
or bidirectional 
I/O pin. Associated 
with each I/O pin 
is a programmable 
macrocell. 


Figure 4 shows 
the structure 
of the 85C220 
macro- 
cell; 
Figure 
5 shows 
the 
85C224 
macrocell. 
Each 
macrocell 
includes 
a p-term 
(product 
term) 
block 
with eight AND p-terms 
feeding 
the OR gate of the 
I/O control 
block and one additional 
p-term 
control- 
ling the output 
buffer. 
The global 
logic array allows 
each p-term in the devices 
to connect 
to the true or 
complement 
of each input and I/O feedback 
signal. 


The 
85C220 
contains 
36 
array 
rows, 
while 
the 
85C224 
contains 
44 array 
rows. 
Each 
intersecting 
point in the logic array is connected 
or not connect- 
ed based 
on the value programmed 
in the EPROM 
array. Initially (EPROM 
erased state), all p-terms 
are 
connected 
to all signals. Connections 
are broken 
by 
programming 
the 
appropriate 
EPROM 
cells. 
Con- 
necting both the true and complement 
of a signal for 
a given p-term removes that p-term from the SOP for 
the macrocell 
(Le., that p-term 
is a "don't 
care"). 


Figure 6 shows the architecture 
of each macrocell's 
I/O control 
block. The I/O control 
blocks 
for the de- 
vices are identical. 
The SOP input to the I/O control 
block 
can be inverted 
or non-inverted. 
The 
output 
can be registered 
or combinatorial. 
When registered 
output 
is 
selected, 
feedback 
to 
the 
logic 
array 
comes 
directly 
from the register 
(before 
the output 
buffer). When combinatorial 
output is selected, 
feed- 
back comes from the I/O pin (after the output buffer) 
and can be used for bidirectional 
I/O. The register 
is 
a D-type 
register 
that 
clocks 
on the rising edge 
of 
the global CLK. 
. 
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HIGH FREQUENCY flOW 
OUTPUT 
SKEW CLOCK 
DRIVER 


The 
85C220 
and 
85C224 
-10 display 
dramatically 
reduced 
output pin skew in comparison 
with industry 
clock 
driver 
products. 
With 
high 
performance 
sys- 
tems relying on increasingly 
faster clocking 
frequen- 
cies, managing 
the timing of high frequency 
system 
clocks 
is now 
more 
important 
than 
ever. 
Whether 
the 
configuration 
is combinatorial 
(as with 
a clock 
driver) or registered 
(as with a frequency 
divider) the 
output 
skew 
(TOS is typically 
less than 300 psi The 
extremely 
low 
output 
skew 
of 
the 
85C220 
and 
85C224 
make the devices 
ideal for a variety of high 
frequency 
system 
clock 
related 
applications 
includ- 
ing Pentium™ 
microprocessor, 
Intel486™ 
and PCI 
Bus designs. 
The 
flexibility 
of programmable 
logic 
and the industry's 
lowest 
output 
skew. 


The 85C224 
is a logical superset 
of most high-speed 
24-pin 
PAL/GAL 
devices. 
The 
I/O 
and 
logic 
sec- 
tions of the device can be configured 
to emulate 
the 
devices 
listed. Designers 
can often replace 
multiple 
PALs 
with 
the 
85C224 
devices. 
In 
many 
cases 
22V10 
devices 
can also be replaced. 
The following 
list includes 
some of the devices 
with which 85C224 
is compatible. 


7 ns-20·Pln 
and 24-Pin 


Company 
20-Pln Part 
24-Pln Part 


Intel 
85C220-7 
85C224·7 


Lattice 
GAL16V8B 
GAL20V8B 


AMD 
PAL 16L8 
PAL20L8 


AMD 
PAL 16R8 
PAL20R8 


AMD 
PALCE16V8 
PALCE20V8 


National 
PAL16L8 
N/A 


National 
PAL 16R8 
N/A 


Signetics 
PLUS16L8 
PLUS20L8 


Signetics 
PLUS16R8 
PLUS20R8 


TI 
TIBPAL16L8 
TIBPAL20L8 


10 ns-20-Pln 
and 24-Pin 


Company 
20·Pin 
24-Pln 


Intel 
85C220·10 
85C224-10 


Lattice 
GAL16V8A 
GAL20V8A 


Lattice 
GAL16V8B 
GAL20V8B 


AMD 
PAL 16L8 
PAL20L8 


AMD 
PAL20R8 
PAL20R8 


AMD 
PALCE16V8 
PALCE20V8 


National 
PAL16L8 
PAL20L8 


National 
PAL16R8 
PAL20R8 


National 
GAL16V8A 
GAL20V8A 


Signetics 
PLUS16L8 
PLUS20L8 


Signetics 
PLUS16R8 
PLUS20R8 


TI 
TIBPAL 16L8 
TIBPAL20L8 


NOTES: 
• Easy Cross Programming for JEDEC compatibility. 
• Extensive software and programming support by Intel 
and Third-Party Tools. 
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Figure 3. 85C224 Global Architecture 
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8 
PRODUCT 
TERloIS 


85C220/85C224 
inputs and outputs 
begin respond- 
ing 1 fJ.s (max.) after VCC power-up 
(Vcc 
= 4.75V) 
or after a power-Ioss/power-up 
sequence. 
All mac- 
rocells 
programmed 
as registers will be set to a logic 
low. 


Prior to programming, 
the 1/0 structure 
is configured 
for combinatorial 
active 
low output 
with 
input 
(pin) 
feedback. 


Intelligent 
Programming 
Algorithm 


The 
85C220/85C224 
support 
the 
Intelligent 
Pro- 
gramming 
Algorithm, 
which 
rapidly 
programs 
Intel 
PLDs, 
and 
many 
of 
Intel's 
microcontrollers 
and 
EPROMs 
while maintaining 
a high degree of reliabili- 
ty. It is particularly 
suited 
for 
production 
program- 
ming 
environments. 
This 
method 
decreases 
the 
overall 
programming 
time 
while 
programming 
reli- 
ability 
is ensured 
as the 
incremental 
programming 
margin of each bit has been verified 
during program- 
ming. Programming 
voltage 
and waveform 
specifica- 
tions 
are available 
by request 
from 
Intel to support 
device 
programming. 


All of the input, output, and clock pins of the devices 
have been designed 
to resist latch-up which is inher- 
ent in inferior CMOS structures. 
The devices 
are de- 
signed 
with 
Intel's 
proprietary 
1-micron 
CMOS 
IIiE 
EPROM 
process. 
Thus, each of the pins will not ex- 


perience 
latch-up 
with currents 
up to ± 100 mA and 
voltages 
ranging from 
-0.5V 
to (VCC + 0.5V). The 
programming 
pin is designed 
to resist latch-up 
to the 
13.5V maximum 
device 
limit. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins 
be constrained 
to the voltage 
range 
GND 
~ 
(VIN or VOUT) ~ 
Vcc·. 
All unused 
inputs and II0s should 
be tied high or low to mini- 


mize power 
consumption 
(do not leave them 
float- 


ing). On the 
85C224 
PLCC 
Package, 
the 
optional 
power 
pin (pin 1) and optional 
ground 
pins (8, 15, 


and 
22) may be connected 
to power 
and 
ground, 


respectively, 
to 
reduce 
output 
switching 
noise. 
A 
high-speed 
power 
supply decoupling 
capacitor 
of at 
least 0.2 fJ.Fmust be connected 
directly 
between 
the 
Vcc 
and GND pins. 


As with all CMOS devices, 
ESD handling 
procedures 
should be used with the devices 
to prevent 
damage 
to the devices 
during 
programming, 
assembly, 
and 
test. 
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The 
85C220 
and 85C224 
are supported 
by Intel's 
PLDsheli 
Plus software 
and iPLS II (Intel 
Program- 
mable 
Logic 
Software), 
as well as third-party 
logic 
compilers 
such 
as ABEL', 
CUPL', 
PLDDesigner', 
Log/IC', 
etc. 


PLDsheli 
Plus software 
is a free design package 
that 
accepts 
PALASM 
2-compatible 
source 
files. 
PLDsheli 
Plus software 
allows you to design in a fa- 
miliar language 
and to functionally 
simulate 
your de- 
sign. You can also invoke 
third-party 
design 
pack- 
ages directly 
from the PLDsheli 
Run menu. 


iPLS II includes 
the LOC (Logic Optimizing 
Compiler) 
and 
APT 
(Advanced 
Programming 
Tool). 
For 
de- 
tailed 
information 
on iPLS 
II, refer to the 
iPLDS 
II 
Data Sheet, 
order number: 
290134. 


The following 
ADF primitives 
are supported 
by this 
device: 


INP 
CONF 
COIF 


RONF 
RORF 
NORF 


Programming 
for the 85C220 
is supported 
by APT 
on the GUPI 20D20J 
Programming 
Adaptor 
using ei- 
ther 
an 
iUP-PC 
Personal 
Programmer 
or an 
iUP- 
200Al201A 
Universal 
Programmer. 
Programming 
for the 85C224 
is supported 
by the same software/ 
platforms 
using 
the 
GUPI 
24D28J 
Programming 
Adaptor. 


85C220/85C224 
programming 
support 
is also 
pro- 
vided by third-party 
programmer 
companies 
such as 
Data I/O, 
Logical 
Devices, 
STAG, 
etc. Please 
refer 
to the Programmable 
Logic 
handbook 
for complete 
information 
and vendor 
contacts. 


fCNT1 
fMAX 
tpD1/tpD2 
Order 
Code 
Package 
Operating 
Range 


74 
100 
7.5/8.5 
N85C220-7 
PLCC 
Commercial 
P85C220-7 
PDIP 


58.8 
62.5 
10 
N85C220-10 
PLCC 
Commercial 
P85C220-10 
PDIP 


fCNT1 
fMAX 
tpD1/tpD2 
Order 
Code 
Package 
Operating 
Range 


74 
100 
7.5/8.5 
N85C224-7 
PLCC 
Commercial 
P85C224-7 
PDIP 


58.8 
62.5 
10 
N85C224-10 
PLCC 
Commercial 
P85C224-10 
PDIP 


ABEL 
is a trademark 
of Data I/O 
Corporation. 
CUPL is a trademark 
of Logical 
Devices, 
Inc. 
Log/IC 
is a trademark 
of ISDATA 
Corporation. 
PLDDesigner 
is a trademark 
of MINC, 
Inc. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(VCcl(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0Vto 
+ 13.5V 


D.C. Input Voltage 
(VI)(1, 2) 
- 0.5V to Vcc 
+ 0.5V 


Storage Temperature 
(Tstg) 
- 65°C to + 150°C 


Ambient 
Temperature 
(Tamb)(3) 
-1 O·C to + 85°C 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
Vcc 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
I/O = -4.0 
mA D.C., Vcc = Min. 


VOL 
Low Level Output Voltage 
0.45 
V 
I/O = 24.0 mA D.C., Vcc = Min. 


II 
Input Leakage Current 
±10 
/-LA 
VCC = Max., GND < VIN < VCC 


loz 
Output Leakage Current 
±10 
/-LA 
Vcc = Max., GND < VOUT < Vcc 


Isd5) 
Output Short Circuit Current 
-30 
-120 
mA 
VCC = Max., VOUT = 0.5V 


• 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Icc 
Power Supply Current 
60 
90 
mA 
Vcc = Max., VIN = Vcc or GND, 


(PLCC) 
No Load, fiN = 25 MHz, Device 
Prog. as 8-Bit Counter 


75 
105 
mA 
fiN = 74 MHz 


Power Supply Current 
75 
115 
mA 
Vcc = Max., VIN = Vcc or GND, 


(PDIP) 
No Load, fiN = 25 MHz, 
Device Prog. as 8-Bit Counter 


94 
135 
mA 
fiN = 74 MHz 


NOTES: 
1. Voltages 
with respect 
to GND. 


2. Minimum 
D.C. input is - 0.5V. During transitions, 
the inputs 
may undershoot 
to - 2.0V or overshoot 
to + l.OV 
for periods 


of less than 20 ns under 
no load conditions. 
3. Under bias. 
4. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 


5. Not more than 
1 output 
should 
be tested 
at a time. 
Duration 
of that test should 
not exceed 
1 second. 


TO TEST 
SYSTEM 


(INCLUDES JIG 
CAPACITANCE) 


3.DV 


eLK 


OV 


3.0V 


INPUTS 
(SETUP 
AND 
HOLD) 


OV3-m, ~~ _*_1._s_V 
_ 


~~~~~~~~~~~~~~~~~~~I 
~~1~.5~*_.:~~-:.~=-_::-_-T~E_S-T~_P-O~I_N-_T-S~~~ 


290417-9 


A.C. Testing: 
Inputs 
(including 
CLK) 
are driven 
at 3.0V for a Logic 
"1" 
and OV for a Logic 
"0". 
Setup 
and 
hold 
input 


measurements 
relative 
to CLK are made 
at 1.5V on CLK (Iow-to-high 
transition). 
Input and Output 
transitions 
are mea- 


sured 
at 1.5V. Device 
input rise and fall times 
are less than 3 ns. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
4 
6 
pF 
VIN = OV, f = 1.0 MHz 


Cia 
I/O Capacitance 
5 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
8 
10 
pF 
Vpp on Pin 11/13, 
f = 1.0 MHz 


NOTE: 
6. These 
values 
are evaluated 
during initial characterization 
and whenever 
design 
modifications 
occur that may affect 
capac- 


itance. 


85C220·7/85C224·7 
85C220·1 O/85C224-1 
0 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


tPD1(8) 
Input or I/O to Output Valid, Invert On 
3 
7.5 
3 
10 
ns 


tpD2(8) 
Input or I/O to Output Valid, Invert Off 
3 
8.5 
3 
10 
ns 


tpZX(9) 
Input or I/O to Output Enable 
3 
9 
3 
10 
ns 


tpXZ(9) 
Input or I/O to Output Disable 
3 
9 
3 
10 
ns 


tos 
Register 
Output Mode Output 
150 
250 
300 
150 
250 
300 
ps 
Pin to Output Pin Skew 


tos 
Combinatorial 
Mode Output 
150 
300 
400 
150 
300 
400 
ps 
to Output Pin Skew 


NOTES: 
7. Typical 
values 
are at TA = + 25'C, 
Vcc = 5V. 
8. Measured 
with 3 I/O outputs 
switching. 


9. tpzx 
and tpxz 
are measured 
at 
±O.5V 
from 
steady 
state 
voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 
CL = 5 pF. 


• 


85C220-7/85C224-7 
85C220-10/85C224-10 
Symbol 
Parameter 
Units 


Mln 
Typ 
Max 
Min 
Typ 
Max 


fCNT1(8) 
Max. Counter 
Frequency, 
90 
74 
74 
58.8 
MHz 


1/(tsu + tC)-External 
Feedback 


fCNT2(8) 
Max. Counter 
Frequency, 
110 
100 
80 
60.6 
MHz 


1/tcNT-lnternal 
Feedback 


fMAX(8) 
Max. Frequency, 
1/tcp- 
110 
100 
80 
62.5 
MHz 


No Feedback 
(Pipelined) 


tsu 
Input or I/O Setup Time to CLK 
7 
10 
ns 


tH 
Input or I/O Hold Time from CLK 
0 
0 
ns 


teOl(8) 
ClK 
High to Output Valid 
3 
6.5 
3 
7 
ns 


tC02 
CLK High to Output Valid Fed 
4.5 
11 
4.5 
13 
ns 


through Combinatorial 
Macrocell 


tCNT(8) 
Macrocell 
Output Feedback 
to 
10 
16.5 
ns 


Macrocellinput-internal 
Path 


tCl 
CLK Low Time 
4 
7 
ns 


teH 
CLK High Time 
4 
7 
ns 


tep 
CLK Period 
10 
16 
ns 


INPut OR I/o 
\./ 
I\ 


"0 
\./ 
COMBINATORIAL 
OUTPUT 
I \. 


"XI 


HIGH 
IWPEDANCE 


COIllBINATORIAl 
OR 
3-STA.TE 


REGISTERED 
OUTPUT 


"'X 


HIGH 
IMPEDANCE 


3-STATE 


(FROW 
REGISTER 
CLOCK 


THROUGH 
ADDITIONAL 


COWBINATORIAL 
OUTPUT) 


PRELOAD 


AND 
PROGRAM/ 
VERIFY 
CIRCUITS 


ESD 


PROTECTION 


INPUT 
PIN 
FEEDBACK 


• 


intel· 
85C220/85C224 
Family 
Product Selector 
Guide 


Device 
#Plns 
Package 
Max 
#1/0 
Design 
'MAX 
tpD 
tsu 
teo 
lee 
IOL 
Standby 
Tos 


Type 
# Inputs 
Emphasis 
(MHz) 
(ns) 
(ns) 
(ns) 
(mA) 
(mA) 
Mode 
PS 


85C220-100 
20 
N 
18 
8 
Registered 
100 
7.5 
4.5 
5.5 
90 
24 
No 


Logic 


85C220-80 
20 
D,N,P,M 
18 
8 
Registered 
80 
10 
7 
5.5 
60 
12 
Yes 


Logic 


85C220-66 
20 
D,N,P,M 
18 
8 
Registered 
66 
12 
9 
6 
60 
12 
Yes 


Logic 


85C220-7 
20 
N,P 
18 
8 
Combinatorial 
74 
7.5 
7 
6.5 
105 
24 
No 


Logic 


85C220-10 
20 
N,P 
18 
8 
Combinatorial 
58.8 
10 
10 
7 
105 
24 
No 


Logic 


85C224-100 
24 
N 
22 
8 
Registered 
100 
7.5 
4.5 
5.5 
90 
24 
No 
<400 


Logic 


85C224-80 
24 
D,N,P,M 
22 
8 
Registered 
80 
10 
7 
5.5 
60 
12 
Yes 


Logic 


85C224-66 
24 
D,N,P,M 
22 
8 
Registered 
66 
12 
9 
6 
60 
12 
Yes 


Logic 


85C224-7 
24 
N,P 
22 
8 
Combinatorial 
74 
7.5 
7 
6.5 
105 
24 
No 


Logic 


85C224-10 
24 
N,P 
22 
8 
Combinatorial 
58.8 
10 
10 
7 
105 
24 
No 
<400 


Logic 


110 


'00 


90 


80 


FeNT 
("Hz) 


70 


60 


Register 
Optimized 


-80 I 
/ 


Combinatoricl 
Optimized 


.I 
-7 


-66J / 
/ 
-10 


iPLD22V10L-5 
LOW POWER, ELECTRICALLY 
ERASABLE 
1~MACROCELLCMOSPLD 


• 
Low Power, High Speed Upgrade to 
BiCMOS/Blpolar 
22V10 and CMOS 
Equivalents 


• 
Supply Voltage Range 4.75V to 5.25V 


• 
tpD 5 ns, 142 MHz with Feedback 


• 
Maximum 19B = 5 mA 
• 
Typical Ice = 15 mA @100MHz 


• 
12 Dedicated Inputs and 10 I/O Pins 


• 
10 Macrocells with Programmable 
I/O 
Architecture 
(Registered/ 
Combinatorial) 


• 
Sub-micron CHMOS III Electrical 
Erasable Technology 


• 
Programmable "Security 
Bit" Allows 
Total Protection 
of Proprietary 
Designs 


• 
100% Generically Tested Logic Array 


• 
Available in 28-Pin PLCC Packages 


. 
IPLD22Vl0L 
22 
GND 0' NC 
21l 
I/o .• 


20 
1/0.3 


19 
1/0.2 


12 
13 
14 
15 
16 
17 
18 


•• 


Supply Voltage 
(Vec)(1) 
-1.0 
to + 5.25V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-1.0V 
to +8.0V 


DC Input Voltage 
(VI)(1, 2) 
-0.5V 
to Vee + 0.5V 


Storage Temperature 
(TSTG) 
- 65°C to + 150°C 


NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The specifications 
are subject 
to 
change 
without 
notice. 
Verify with your local 
Intel 
Sales office that you have the latest data sheet be- 
fore finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 
These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
70 
°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(1) 
High Level Input Voltage 
2 
Vee + 0.3 
V 


VIL(1) 
Low Level Input Voltage 
-0.5 
0.8 
V 


VOH 
TIL 
High Output Voltage 
2.4 
V 
Vee = Min 
10H = -8 
mA 


CMOS High Output Voltage 
Vee - 
0.3 
V 
10H = -0.1 
mA 


VOL 
Low Level Output Voltage 
0.4 
V 
10 = 16 mA D.C. 
Vee = Min 


IIH 
High Level Input Leakage Current 
10 
p.A 
Vee = Max 


IlL 
Low Level Input Leakage Current 
-100 
p.A 
GND < VIN < 0.8V 


10ZH 
High Output Leakage Current 
10 
p.A 
Vee = Max 


10ZL 
Low Output Leakage Current 
-100 
p.A 
GND < VOUT < 0.8V 


IsC<3) 
Output Short Circuit Current 
-150 
mA 
Vee = Max 
VOUT = 0.5V 


IS8 
Standby 
Power Supply Current 
5 
mA 
VIN = Vee or GND 


Ice Active 
Power Supply Current 
0.1 
mAl 
Vee = Max, VIN = 
MHz 
Vee or GND. Outputs 
Open. Device 
Programmed 
as 8-Bit 
Counter. 


NOTES: 
1. Voltages with respect to GND 
2. Minimum D.C. input is -0.5V. 
During transitions, the Inputs may undenshoot to -2.0V or overshoot to +7.0V for periods 
of less than 20 ns under no load conditions. 
3. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
TA = O·C to + lO·C, Vcc = 5.0 ± 5%(4) 


iPLD22V10 
5 
Symbol 
Parameter 
Units 
Mln 
Typ 
Max 


tpO(5) 
Input or I/O to Output Valid 
2 
5 
ns 


tpZx(6) 
Input or I/O to Output Enable 
2 
6 
ns 


tpxZ(6) 
Input or I/O to Output Disable 
2 
5 
ns 


teLR 
Input or I/O to Asynchronous 
Reset 
2 
6 
ns 


NOTES: 
4. Typical values are at TA = +25·C, Vcc = 5.25V. 
5. Refer to switching test conditions. 
6. tpzx and tpxz are measured at ±O.5V from steady state voltage as driven by specified output load. tpxz is measured with 
CL = 5 pF. Z -+ Hand Z -+ L are measured at 1.5V on output. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
TA = O·C to + lO·C, Vcc = 5.0 ± 5%(5) 


iPLD22V10 
5 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 


fCNT(6) 
Maximum 
Counter 
Frequency 
142 
MHz 
1/(tsu + tco)-External 
Feedback 


fCNT(6) 
Maximum 
Counter 
Frequency 
166 
MHz 
1/(teNT)-lnternal 
Feedback 


fMAX(6) 
Maximum 
Frequency 
(Pipelined) 
166 
MHz 
1/tep-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
3.5 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
ns 


tC01 
ClK 
to Output Valid 
1.5 
3.5 
ns 


te02 
ClK 
to Output Valid Fed 
4 
8 
ns 
Through 
Combinatorial 
Macrocell 


tCNT 
Register 
Output Feedback 
to 
6 
ns 
Register 
Input-Internal 
Path 


tCL 
ClK 
low 
Time 
3 
ns 


tCH 
ClK 
High Time 
3 
ns 


tep 
ClK 
Period 
6 
ns 


• 


Commercial 
Measured 
Specifications 
51 
CL 
Output 
Value 
R1 
R2 


tpD, teo 
Closed 
1.5V 


tpzx 
Z-+ 
H:Open 
50 pF 
1.5V 
Z -+ 
l:Closed 
2300. 
2600. 


tpxz 
H-+ 
Z:Open 
5 pF 
H -+ 
Z:VOH - 
0.5V 
l-+ 
Z:Closed 
l -+ 
Z:VOl + 0.5V 


3.0 --;-;:;)1. 
v-:-:::- 
INPUT o~,:4:::::::~_-_T_E_ST_P_0_I_N_TS_-_-_-,:-_-_-_-_-_-_.•._.:~ 


3.0 ~ 
v-:-:::- ' 


QUlP 
Ul o~:4::::::::::::::::::::::::::_TE_S_T_P_0_IN_T_S~::::::::::.~_~ 


NOTE: 
290503-4 
AC Testing: Inputs are driven at 3.0V for a logic "1" and OVfor a logic "0". Timing measurements are made at 1.5V on 
inputs and outputs. Device input rise and fall times <2 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/O Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CClK 
ClK 
Capacitance 
15 
17 
pF 
VOUT = OV, f = 1.0 MHz 


NOTE: 
7. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 
tance. 


iPLD22V10-7 
HIGH PERFORMANCE 
10-MACROCELL CMOS PLD 


• 
tpD 7.5 ns, 111.1 MHz with Feedback, 
111.1 MHz with No Feedback 


• 
Typical 
lee = 90 mA 
@ 15 MHz 


• 
12 Dedicated 
Inputs and 10 I/O Pins 


• 
10 Macrocells 
with Programmable 
I/O 
Architecture 
(Register/Combinatorial) 


• 
Variable 
P-terms-Up 
to 16 per 
Macrocell, 
Selectable 
Output Polarity, 
Separate 
Output 
Enable P-term 


• 
Global Asynchronous 
Clear and 
Synchronous 
Preset 
P·terms 


• 
1·Micron 
CHMOS 
IIIE EPROM 
Technology 


• 
Programmable 
"Security 
Bit" Allows 
Total Protection 
of Proprietary 
Designs 


• 
100% Generically 
Tested 
Logic Array 


• 
Available 
in 300-mil 24·Pin PDIP and 
28·Pin PLCC Packages 


(See 
Packaging 
Spec., 
Order 
Number 
240600, 


Package 
Type 
Nand 
P) 


CLK/INPO 


INPl 


INP2 


INP3 


INP4 


INP5 


INP6 


INP7 


INP6 


INP9 


INP10 


GND 


Vee 


1/0.9 


1/0.6 


1/0.7 


1/0.6 


1/0.5 


1/0.4 


1/0.3 


1/0.2 


1/0.1 


1/0.0 


INPll 


INP3 


INP4 


INP5 


GND or NC 


INP6 


INP7 


INP6 


•IPLD22V 10-7 


1/0.7 


1/0.6 


1/0.5 


GND or Ne 


1/0.4 


1/0.3 


1/0.2 


• 


The iPLD22V10-7 is a high-performance, high-inte- 
gration, 
general-purpose 
CMOS 
PLD. 
The 
iPLD22V10-7 accommodates logic functions with up 
to 22 inputs and 10 I/O macrocells. I/O macrocells 
include an average of 12 p-terms for input, with a 
separate p-term for output enable. Figure 2 shows 
the global architecture of the device. 


The iPLD22V10-7 is 100% JEDEC-, pin- and func- 
tion- compatible with the industry-standard 22V10 
PLD. JEDEC files developed for 22V10 devices can 
be used to program the iPLD22V10-7. When the 
N PLD22V10 (28-pin PLCC) is used to replace a 
conventional 22V10 in an existing design socket, 
pins 8, 15, 22 and 1 are left as No Connects (NC). 
New designs can take advantage of the additional 
device Vcc and grounds these pins offer. 


In addition to the 12 dedicated input pins, the 
iPLD22V10-7 contains 
10 programmable macro- 
cells. Each of the macrocells can be programmed to 


function as an input or as a combinatorial or regis- 
tered output. Programmable output polarity and pro- 
grammable feedback options allow the iPLD22V10-7 
to be tailored to the precise needs of the target ap- 
plication. Figure 3 shows the architecture of each 
macrocell. 


Output Polarity 


The output polarity for each iPLD22V10-7 macrocell 
is programmable. Each combinatorial or registered 
output can be active-high or active-low. 


iPLD22V10-7 macrocells programmed as combina- 
torial outputs support pin feedback to the logic array 
(I.e.,feedback from the I/O pin). iPLD22V10-7 mac- 
rocells programmed as registers allow internal regis- 
ter feedback to the logic array. 


fCNT1 (MHz) 
fMAX (MHz) 
tpD (ns) 
Order Code 
Package 
Operating 
Range 


111.1 
109.8 
7.5 
P PLD22V10-7 
PDIP 
Commercial 


N PLD22V10-7 
PLCC 
Commercial 


PROGRAMMABLE 
AND 
ARRAY 
(44 
x 
132) 


INP2 
1/0.7 


INP3 
• 
1/0.6 


INP4 


1/0.5 


INP5 


INP6 
1/0.4 


INP7 
1/0.3 


INP8 


1/0.2 


INP9 


1/0.1 


INP10 


1/0.0 
INP11 


8-16 
PROOUCT 
TERMS 


SO,. 
OUTPUT 
SELECT. 


51 : 


Table 
1 lists the macrocell 
configurations: 


Table 1.IPLD22V10-7 
Macrocell 
Configurations 


81 
SO 
Output/Polarity 
Feedback 


0 
0 
Registeredl 
Active Low 
Registered 
0 
1 
Registeredl 
Active High 
Registered 
1 
0 
Combinatorial IActive Low 
Pin 
1 
1 
Combinatorial IActive High 
Pin 


iPLD22V10-7 
macrocell 
registers 
can be preset 
or 
reset using global preset and reset p-terms. 
Register 
preset 
is synchronous 
and must meet the specified 
setup time to the clock signal. Register 
reset is asyn- 
chronous 
and 
has 
no 
setup 
requirement 
to 
the 
clock. Preset and reset set or reset the register. Out- 
put polarity 
is selected 
separately. 


Each 
macrocell 
contains 
an output 
buffer 
that 
can 
place 
the 
respective 
output 
in a high-impedance 
state (three-state). 
The output buffer is controlled 
by 
a single p-term per macrocell 
in the logic array and is 
asynchronous. 


iPLD22V10-7 
inputs 
and outputs 
begin 
responding 
1 fLs (max.) after 
Vcc 
power-up 
(VCC = 4.75V) 
or 
after 
a power-Ioss/power-up 
sequence. 
All macro- 
cells programmed 
as registers 
are set to a logic low. 


Prior to programming, 
all EPROM 
logic array 
cells 
are in the "connected" 
state. The macrocells 
by de- 
fault are configured 
for registered 
output, 
active-low 
operation 
with registered 
feedback. 


Intelligent 
Programming 
Alogrithm 


The iPLD22V10-7 
supports 
the Intelligent 
Program- 
ming 
Algorithm, 
a fast, 
reliable 
algorithm 
for 
pro- 
gramming 
many types of Intel programmable 
devic- 
es. 


The 
iPLD22V10-7 
is fabricated 
on 
Intel's 
CHMOS 
EPROM 
process. 
Over 20 million 
devices 
(including 
EPROMs 
and Microcontrollers) 
have been fabricat- 
ed on this process. 


The iPLD22V10-7 
is completely 
tested 
at the facto- 
ry. Unlike 
fuse-based 
PLDs, 
which 
have 
one-time 
programmable 
fuse 
links that 
limit testing 
to small- 
scale 
sampling, 
each 
EPROM 
cell 
in 
the 
iPLD22V10-7 
is tested 
and erased prior to shipment. 


A single 
programmable 
bit, called the .security bit or 
verify 
protect 
bit, controls 
access 
to the 
data 
pro- 
grammed 
into the device. 
Once 
this security 
bit is 
set, the design cannot 
be copied. 


Since data in the device 
is stored 
in EPROM 
cells, 
the contents 
of the device cannot 
be read even with 


microscopic 
examination, 
providing 
an 
additional 
level of design security 
not available 
with fuse-based 
devices. 


Third Party Support 


The 
iPLD22V10-7 
is supported 
by third-party 
logic 
compilers 
such 
as 
ABEL *, 
CUPL *, 
PLDesigner*, 
Log/IC, 
etc. 
Programming 
support 
is provided 
by 
third-party 
programmer 
companies 
such 
as 
Data 
I/O, 
Logical 
Devices, 
STAG, etc. Please refer to the 
"Third-Party 
Support" 
lists 
in 
the 
Programmable 
Logic 
handbook 
for complete 
information 
and ven- 
dor contacts. 


Full logic compilation 
and functional 
simulation 
for 
the iPLD22V10-7 
is supported 
by PLDshell 
Plus soft- 
ware. 


PLDshell 
Plus design 
software 
is Intel's 
new, user- 
friendly 
design 
tool 
for PLD design. 
PLDshell 
Plus 
allows 
users to incorporate 
their preferred 
text edi- 
tor, 
programming 
software, 
and 
additional 
design 
tools 
into 
a easy-to-use, 
menued 
design 
environ- 
ment 
that 
includes 
Intel's 
PLDasm 
logic 
compiler 
and 
simulation 
software 
along 
with 
disassembly, 
conversion, 
and 
translation 
utilities. 
The 
PLDasm 
compiler 
and 
simulator 
software 
accepts 
industry- 
standard 
PDS source 
files that express 
designs 
as 
Boolean 
equations, 
truth tables, 
or state 
machines. 


On-line 
help, datasheet 
briefs, 
technical 
notes, 
and 
error 
message 
information, 
along 
with 
waveform 
viewing/printing 
capability 
make the design 
task as 
easy as possible. 
PLDshell 
Plus software 
is available 
from Intel Literature 
channels 
or from your local Intel 
sales representative. 


"ABEL 
is a trademark 
of Data I/O Corp. CUPL is a trademark 
of Logical 
Devices. 
Inc. PLDesigner 
is a trademark 
of MINC. Inc. 
Log/IC 
is a trademark 
of ISDATA. 
Corporation. 
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Supply Voltage 
(Vecl(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(VI)(1, 2) 
-0.5V 
to Vee + 0.5V 


Storage 
Temperature 
(Tstg) 
- 65°C to + 150°C 


Ambient 
Temperature 
(TA)(3) 
-10°C 
to + 85°C 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
TIL 
High Output Voltage 
2.4 
V 
10 = -4 
mA D.C., Vee = Min 


CMOS High Output Voltage 
Vee - 
0.3 
V 
10 = -100 
pH = Vee Min 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 16 mA D.C., Vee = Min 


II 
Input Leakage Current 
10 
fJ-A 
Vee = Max., GND < VIN < Vee 


loz 
Output 
Leakage Current 
10 
JiA 
Vee = Max., GND < VOUT < Vee 
Isd5) 
Output Short Circuit Current 
120 
mA 
Vee = Max., VOUT = 0.5V 


Ice 
Power Supply Current 
90 
130 
mA 
Vee = Max., VIN = Vee or GND, 


(See Ice vs. Freq. Graph) 
No Load, fiN = 15 MHz, 
Device Prog. as a 1O-Bit Counter 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to + 7.0V for periods 
of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also available. 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


Commercial 
Measured 
Specification 
Sl 
CL 
R1 
R2 
Output Value 


tpD, tco 
Closed 
1.5V 


tpzx 
Z ~ 
H:Open 
50 pF 
2400 
1600 
1.5V 


Z ~ 
l:Closed 


tpxz 
H ~ 
Z:Open 
5 pF 
H ~ 
Z:VOH 
- 
0.5V 
l 
~ 
Z: Closed 
l 
~ 
Z:VOL + 0.5V 


INPUT 3':1~_TESTPOINTS 
_~ 


1~-TEST 
POINTS-~ 


290485-6 
A.C. Testing: 
Inputs are Driven 
at 3.0V for a Logic 
"1" 
and OV for a Logic "0". 
Timing 
Measurements 
are made 
at 1.5V. 


Outputs 
are measured 
at 1.5V. Device 
input rise and fall times < 3 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


Cia 
I/O Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
8 
10 
pF 
VOUT = OV, f = 1.0 MHz 


• 


\;UMtUNA 
I UHIAL 
MUD~ A.C. CHARACTERISTICS 
(TA = QOCto + 70°C, VCC = 5.0V 
±5%)l7) 


iPLD22V10-7 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 


tpO(8) 
Input or I/O to 
3 
7.5 
ns 
Output Valid 


tpZX(9) 
Input or I/O to 
3 
9 
ns 
Output Enable 


tpXZ(9) 
Input or I/O to 
3 
9 
ns 
Output Disable 


tClR 
Input or I/O to 
10 
ns 
Asynch. 
Reset 


NOTES: 
6. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 


tance. 
7. Typical values are at TA = +25°C, Vcc = 5V. 
8. Refer to switching test conditions. 
9. tpzx and tpxz are measured at ± O.5Vfrom steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. Z --+ Hand Z --+ l are measured at 1.5V on output. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
(TA = QOCto +7QOC, VCC = 5.0V 
±5%)l7l 


iPLD22V10-7 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 


fCNn(8) 
Max. Counter 
Frequency 
111.1 
115 
MHz 
1/(tsu 
+ tco)-External 
Feedback 


fCNT2(8) 
Max. Counter 
Frequency 
111.1 
115 
MHz 
1/(tcNT)-lnternal 
Feedback 


fMAX 
Max. Frequency 
(Pipelined) 
109.8 
115 
MHz 
1/tcp-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
3 
ns 


tsp 
Input or I/O Setup Time to 
4.5 
ns 
Synchronous 
Preset 


tH 
Input or I/O Hold Time from ClK 
0 
ns 


tC01 
ClK 
to Output Valid 
3 
6 
ns 


tC02 
ClK 
to Output Valid Fed Through 
13 
ns 
Combinatorial 
Macrocell 


tCNT 
Register 
Output Feedback 
to 
13 
ns 
Register 
Input-Internal 
Path 


tel 
ClK 
low Time 
4 
ns 


tCH 
ClK 
High Time 
4 
ns 


tcp 
ClK 
Period 
9.1 
ns 


tarw 
Asynchronous 
Reset 
4 
ns 
Pulse Duration 


tarr 
Asynchronous 
Reset to 
7 
ns 
ClK i Recovery 
Time 


INPUT OR I/o 
)i( 
--------,------------- 
t+-- 
tpo ---..; 


i 
x==== 
..- 
*f:txz --..; 


Conditions: 
TA = 0- 
Vcc = 5.25V 


-lpzx-' 


! 
<:' ==V=A=L=ID=O=U=T=P=UT===~ 
..-telR-; 


;-tep-: 


~teH~ 
: 


.- 
teo 1----"; 


(FROM REGISTER CLOCK 
, 
TO OUTPUT 
, 
, 
l-te02~ 


FROM REGISTER CLOCK THROUGH 
ADDITIONAL COMB. OUTPUT 


iPLD22V10-7ICC 
vs Frequency 


175 
- 
--- --- 
-- ---- 


:::~~;:- 


"< 100 
-5 


~ 
75 


30 
45 
60 


fo(MHz) 


~ 
+3 ns 


o 
+2 ns 
~ 
S. + 1 ns 


o ns 


Conditions: 
TA = 70-C 
Vcc = 4.75V 
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POWER-UP 
RESET 
CHARACTERISTICS 
Internal 
power-up 
reset circuits 
ensure 
that all f1ip- 
flops 
wm be reset to a logic 0 after the device 
has 
powered 
up. Because 
VCC rise can vary significantly 


from 
one application 
to another, 
VCC rise must be 


monotonic. 


Parameter 
Parameter 
Value 
Symbol 
Description 


tpR 
Power-Up 
1000 ns Max. 


Reset Time 


VON 
Turn-On 
4.75V 
Voltage 


___ 
/VON 
:-tpR-; 


>$ 
'Isu' 
---'mln.r- 
. ,---- 


CLOCK Iii)' 
-I 


~--tel-: 


I 
. 


- 
290485-12 


VCC 
VCC 


I/o PIN 


ESO 


PROTECTION 


INPUT 
PIN 


PROGRAtol! 


FEEOBACK 


VERIFY 
CIRCUITS 
290485-13 


, 
, 
HIGH PERFORMANCE 
10-MACROCELL CMOS PLD 


• tpD 10 ns, 95.2 MHz with Feedback, 
• 1-Mlcron 
CHMOS 
IIIE EPROM 
100 MHz with No Feedback 
Technology 
• Typical 
lee 
= 90 mA 
@ 15 MHz 
• Programmable 
"Security 
Bit" Allows 
• 12 Dedicated 
Inputs and 10110 
Pins 
Total Protection 
of Proprietary 
Designs 
• 10 Macrocells 
with Programmable 
1/0 
• 100% Generically 
Tested 
Logic Array 


Architecture 
(Register IComblnatorlal) 
• Available 
In 300-mil 24-Pin PDIP and 
• Variable 
P-terms-Up 
to 16 per 
28-Pln PLCC Packages 


Macrocell, 
Selectable 
Output 
Polarity, 
(See 
Packaging 
Spec., 
Order 
Number 
240800, • 


Separate 
Output 
Enable P-term 
Package 
Type 
Nand 
P) 
• Global Asynchronous 
Clear and 
Synchronous 
Preset 
P-terms 


CLK/INPO 


INPI 


INP2 


INP3 


INP4 


INP5 


INP6 


INP7 


INP8 


INP9 


INP10 


GNO 


Vcc 
1/0.9 


1/0.8 


1/0.7 


1(0.6 


1/0.5 


1/0.4 


1/0.3 


1/0.2 


1/0.1 


1/0.0 


INP11 


INP3 


INP4 


INP5 


GNO or 
NC 


INP6 


INP7 


INP8 


•IPLD22Vl 0 


1/0.7 


1/0.6 


1/0.5 


GNO or 
NC 


1/0.4 


1/0.3 


1/0.2 


~ 
: 
ci 0 
~ ~ ~ 
-::::-. 


cz" 


The iPLD22V10 
is a high-performance, 
high-integra- 
tion, 
general-purpose 
CMOS 
PLD. The 
iPLD22V10 
accommodates 
logic functions 
with up to 22 inputs 
and 
10 I/O 
macrocells. 
I/O 
macrocells 
include 
an 
average 
of 
12 p-terms 
for 
input, 
with 
a separate. 


p-term 
for output 
enable. 
Figure 2 shows 
the global 
architecture 
of the device. 


The iPLD22V10 
is 100% JEDEC-, 
pin- and function- 
compatible 
with 
the 
industry-standard 
22V10 
PLD. 
JEDEC 
files 
developed 
for 22V10 
devices 
can 
be 
used 
to 
program 
the 
iPLD22V10. 
When 
the 
N PLD22V10 
(28-pin 
PLCG) 
is used 
to replace 
a 
conventional 
22V10 
in an existing 
design 
socket, 
pins 8, 15, 22 and 1 are left as No Connects 
(NG). 
New designs 
can take 
advantage 
of the additional 
device 
Vcc 
and grounds 
these 
pins offer. 


In 
addition 
to 
the 
12 
dedicated 
input 
pins, 
the 
iPLD22V10 
contains 
10 programmable 
macrocells. 


Each of the macrocells 
can be programmed 
to func- 
tion as an input or as a combinatorial 
or registered 
output. 
Programmable 
output 
polarity 
and program- 
mable feedback 
options 
allow the iPLD22V10 
to be 
tailored 
to the precise 
needs 
of the target 
applica- 
tion. Figure 3 shows the architecture 
of each macro- 
cell. 


Output Polarity 


The output polarity for each iPLD22V10 
macrocell 
is 
programmable. 
Each 
combinatorial 
or 
registered 
output can be active-high 
or active-low. 


iPLD22V10 
macrocells 
programmed 
as combinatori- 


al outputs 
support 
pin feedback 
to the 
logic 
array 
(Le., feedback 
from the I/O pin). iPLD22V10 
macro- 


cells programmed 
as registers 
allow internal 
register 
feedback 
to the logic array. 


fCNT1 (MHz) 
fMAX (MHz) 
tpD (ns) 
Order 
Code 
Package 
Operating 
Range 


95.2 
100 
10 
P PLD22V10-10 
PDIP 
Commercial 


N PLD22V1 0-1 0 
PLCC 
Commercial 


64.5 
83.3 
15 
P PLD22V1 0-15 
PDIP 
Commercial 


N PLD22V10-15 
PLCC 
Commercial 


35.7 
40 
25 
P PLD22V1 0-25 
PDIP 
Commercial 


N PLD22V10-25 
PLCC 
Commercial 


INP2 
1/0.7 


INP3 
• 
1/0.6 


INP4 


1/0.5 


INP5 


INP6 
1/0.4 


INP7 
1/0.3 


INP8 


1/0.2 


INP9 


1/0.1 


INP10 


1/0.0 
INP11 


PROGRAMMABLE 
AND 
ARRAY 
(44 
x 
132) 


intel~ 


so,. 
OUTPUT 
SELECT. 
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Table 
1 lists the macrocell 
configurations: 


Table 
1. iPLD22V10 
Macrocell 
Configurations 


S1 
SO 
Output/Polarity 
Feedback 


0 
0 
Registered/ 
Active Low 
Registered 
0 
1 
Registered/ 
Active High 
Registered 


1 
0 
Combinatorial! 
Active Low 
Pin 


1 
1 
Combinatorial! 
Active High 
Pin 


iPLD22V10 
macrocell 
registers 
can be preset 
or re- 


set using global 
preset 
and reset p-terms. 
Register 


preset 
is synchronous 
and must meet the specified 


setup time to the clock signal. Register 
reset is asyn- 
chronous 
and 
has 
no 
setup 
requirement 
to 
the 


clock. 
Preset and reset set or reset the register. 
Out- 
put polarity 
is selected 
separately. 


Each 
macrocell 
contains 
an output 
buffer 
that 
can 


place 
the 
respective 
output 
in a high-impedance 


state (three-state). 
The output buffer is controlled 
by 


a single p-term per macrocell 
in the logic array and is 


asynchronous. 


iPLD22V10 
inputs 
and 
outputs 
begin 
responding 


1 JLs (max.) after Vcc 
power-up 
(Vcc 
= 4.75V) 
or 


after 
a power-Ioss/power-up 
sequence. 
All macro- 


cells programmed 
as registers 
are set to a logic low. 


Prior to programming, all EPROM logic array cells 
are in the "connected" state. The macrocells by de- 
fault are configured for registered output, active-low 
operation with registered feedback. 


Intelligent 
Programming 
Alogrithm 


The iPLD22V10 supports the Intelligent Program- 
ming Algorithm, a fast, reliable algorithm for pro- 
gramming many types of Intel programmable devic- 
es. 


The iPLD22V10 is fabricated on Intel's CHMOS 
EPROM process. Over 20 million devices (including 
EPROMs and Microcontrollers) have been fabricat- 
ed on this process. 


The iPLD22V10 is completely tested at the factory. 
Unlike fuse-based PLDs, which have one-time pro- 
grammable fuse links that limit testing to small- 
scale sampling, each EPROM cell in the iPLD22V10 
is tested and erased prior to shipment. 


A single programmable bit, called the security bit or 
verify protect bit, controls access to the data pro- 
grammed into the device. Once this security bit is 
set, the design cannot be copied. 


Since data in the device is stored in EPROM cells, 
the contents of the device cannot be read even with 


microscopic examination, providing an additional 
level of design security not available with fuse-based 
devices. 


Third Party Support 


The iPLD22V10 is supported by third-party logic 
compilers such as ABEL·, CUPL·, PLDesigner·, 
Log/IC, etc. Programming support is provided by 
third-party programmer companies such as Data 
I/O, Logical Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 
Logic handbook for complete information and ven- 
dor contacts. 


Full logic compilation and functional simulation for 
the iPLD22V10 is supported by PLDshell Plus soft- 
ware. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for PLD design. PLDshell Plus 
allows users to incorporate their preferred text edi- 
tor, programming software, and additional design 
tools into a easy-to-use, menued design environ- 
ment that includes Intel's PLDasm logic compiler 
and simulation software along with disassembly, 
conversion, and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative, order # 468810. 


"ABEL 
is a trademark 
of Data I/O Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 


LoglIC 
is a trademark 
of ISDATA, 
Corporation. 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(Vecl(1) 
-2.0V 
to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1l. 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(V1)(1,2) 
-0.5V 
to Vee + 0.5V 


Storage Temperature 
(Tstg) 
- 65·C to + 150·C 


AmbientT 
emperature 
(TA)(3) 
-1 O·C to + 85·C 


Symbol 
Parameter 
Mln 
Max 
Units 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
5 
ns 


tF 
Input Fall Time 
5 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
TTL High Output Voltage 
2.4 
V 
10 = -4 
mA D.C., Vee = Min 


CMOS High Output Voltage 
Vee - 
0.3 
V 
10 = -100pH 
= VeeMin 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 16 mA D.C., Vee = Min 


II 
Input Leakage Current 
10 
p.A 
Vee = Max., GND < VIN < Vee 


loz 
Output 
Leakage Current 
10 
p.A 
Vee = Max., GND < VOUT < Vee 


IsC<5) 
Output Short Circuit Current 
120 
mA 
Vee = Max., VOUT = 0.5V 


Ice 
Power Supply Current 
90 
130 
mA 
Vee = Max., VIN = Vee or GND, 


(See Ice vs. Freq. Graph) 
No Load, fiN = 15 MHz, 
Device Prog. as a 1O-Bit Counter 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to + 7.0V for periods 


of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also available. 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


Commercial 
Measured 
Specification 
S1 
CL 
R1 
R2 
Output 
Value 


tpD, tco 
Closed 
1.5V 


tpzx 
Z 
--4 
H: Open 
50 pF 
2400 
1600 
1.5V 
Z 
--4 
l: Closed 


tpxz 
H --4 
Z: Open 
5 pF 
H --4 
Z: VOH - 
0.5V 
l 
--4 
Z: Closed 
l 
--4 
Z: VOL + 0.5V 


INPUT 3':1~~TEST 
POINTS-'E:.. 


l~-TEST 
POINTS-'E:.. 


290457-6 
A.C. Testing: 
Inputs are Driven 
at 3.0V for a Logic "1" and OVfor a Logic "0". Timing 
Measurements 
are made at 1.5V. 


Outputs 
are measured 
at 1.5V. Device 
input rise and fall times < 3 ns. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/O Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
15 
17 
pF 
VOUT = OV, f = 1.0 MHz 


• 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(TA = o·C to +70·C, 
vcc 
= 5.0V 
±5%)(7) 


iPLD22V10-10 
iPLD22V10-15 
PLD22V10·25 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


tpD(8) 
Input or I/O to 
3 
10 
3 
15 
25 
ns 
Output Valid-w/10 
Outputs 
Switching 


tpZX(9) 
Input or I/O to 
3 
10 
3 
15 
25 
ns 
Output Enable 


tpXZ(9) 
Input or I/O to 
3 
10 
3 
15 
25 
ns 
Output Disable 


teLR 
Input or I/O to 
15 
20 
20 
ns 
Asynch. 
Reset 


NOTES: 
6. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 
tance. 
7. Typical values are at TA = +2SoC, Vcc = SV. 
8. Ten outputs switching. 
9. tpzx and tpxz are measured at ±O.SV from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = S pF. Z - 
Hand Z - 
L are measured at 1.SVon output. 


10. Measured with device configured as a 10-bit counter. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
(TA = o·C to +70·C, 
VCC = 5.0V 
±5%)(7) 


iPLD22V10-10 
iPLD22V10-15 
PLD22V10-25 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 


fCNT1(8) 
Max. Counter 
Frequency 
95.2 
100 
64.5 
70 
35.7 
40 
MHz 
1/ (tsu 
+ tcol-External 
Feedback 


fCNT2(8) 
Max. Counter 
Frequency 
100 
105 
83.3 
95 
40 
45 
MHz 
1/(tCNTl-lnternal 
Feedback 


fMAX 
Max. Frequency 
(Pipelinedl 
100 
110 
83.3 
95 
40 
45 
MI-l-: 


1/tep-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
3.5 
7.5 
14 
ns 


tsp 
Input or I/O Setup Time to 
4.5 
7.5 
10.5 
ns 
Synchronous 
Preset 


tH 
Input or I/O Hold Time from ClK 
0 
0 
0 
ns 


tC01 
ClK 
to Output Valid 
3 
7 
2 
8 
2 
14 
ns 


tC02 
ClK 
to Output Valid Fed Through 
16 
18 
30 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to 
10 
12 
25 
ns 
Register 
Input-Internal 
Path 


tCL 
ClK 
low 
Time 
4 
5 
10 
ns 


tCH 
ClK 
High Time 
4 
5 
10 
ns 


tcp 
ClK 
Period 
10 
12 
25 
ns 


tarw 
Asynchronous 
Reset 
. 


4 
5 
5 
ns 
Pulse Duration 


tarr 
Asynchronous 
Reset to 
7 
9 
10 
ns 
ClK i Recovery 
Time 


INPUT 
OR I/o 
.*~ 
_ 


~tpD--: 


COMBINATORIAL 
OUTPUT i 
x:============= 


t4-- 
tpXZ 
---.; 


Conditions: 
TA = O· 
Vcc 
= 5.25V 


HIGH-IMPEDANCE 
3-5TATE 


~tpzx~~: 
_ 


: 
( 
VALID 
OUTPUT 


t+-- telR---'; 


;-tep-: 


~teH~ 
: 


I 
I 
I,.....--.. 
te02-; 


I 


- 
--- --- 
- 
--- --- 


~ 1~;;- 


'< 100 
~ 
_~ 
75 


30 
45 
60 


fo(MHz) 


+0.50 


+0.25 
o 


-0.25 


~ 
-0.50 
--;; -0.75 
E 
i= 
-1.00 


-1.25 


-1.50 


-1.75 


Conditions: 
TA = 70·C 
Vcc = 4.75V 
CL = 50 pF 


• 


a: 
+3ns 
2- 


oS 
+2n5 
;!i 
.s 
+1 ns 


Ons 


Conditions: 
TA = 70'C 
Vcc 
= 4.75V 


Internal 
power-up 
reset 
circuits 
ensure 
that all f1ip- 
flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc 
rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must be 
monotonic. 


___ 
tVON 
:-\PR-; 


I>;»<>?):\):<){:>;:& 


I Isu I 
-"min.r-- 
'fr.'j 


:•.. tel -.: 


290457-12 


POWER-UP 
RESET 
CHARACTERISTICS 


Parameter 
Parameter 
Value 
Symbol 
Description 


tpR 
Power-Up 
1000 ns Max. 


Reset Time 


VON 
Turn-On 
4.75V 


Voltage 


290457-13 


vcc 
vcc 


I/O 
PIN 


ESD 


PROTECTION 


INPUT 
PIN 


FEEDBACK 


PROGRAM/ 


VERIFY 
CIRCUITS 
290457-14 


LOW VOLTAGE, ELECTRICALLY 
ERASABLE 
1~MACROCELLCMOSPLD 


• 
10 Macrocells with Programmable 
I/O 


Architecture 
(Registered/ 
Combinatorial) 


• 
Global Asynchronous 
Clear and 
Synchronous 
Preset P-terms 


• 
Sub-micron CHMOS III Electrical 
Erasable Technology 


• 
Programmable "Security 
Bit" Allows 
Total Protection 
of Proprietary 
Designs 


• 
Available in 28-Pin PLCC Packages 
• 


------- 


• 
Low Voltage, Low Current, High Speed 
Upgrade to BiCMOS/Bipolar 
22V10 and 
CMOS Equivalents 


• 
Supply Voltage Range 3.0V to 3.6V. 
Ideal for Battery Powered Systems 


• 
tpD 5 ns, 142 MHz with Feedback 


• 
Maximum ISB = 100 p.A 


• 
Typicallcc 
= 10 mA @ 100 MHz 


• 
12 Dedicated Inputs, 10 I/O Pins 


28-Lead PLCC Pinout Diagram 
o 
U 
C1. Z 
Z 
~ 


N 
..:::::. 
0 
0'1 
CX) 
~~d>~>~~~ 


1/0.4 


1/0.3 


1/0.2 


1/0.7 


1/0.6 


1/0.5 


INP3 


INP4 


INP5 


GND or NC 


~ 
~ 
~ 
~ 
: 
ci ci 


~ 
~ 
C) 
0 
~ 
~ 
~ 


o 
Z 
<.0 


NOTICE: This data sheet 
contains 
information 
on 
products in the sampling and initial production phases 
of development. 
The 
specifications 
are subject 
to 
change 
without 
notice. 
Verify with your local 
Intel 


Sales office that you have the latest data sheet be- 
fore finalizing a design. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 
RECOMMENDED 
OPERATING 
CONDITIONS 


Supply Voltage 
(VCcl(l) 
-1.0V 
to + 3.6V 


Programming 
Supply 
Voltage 
(Vpp)(l) 
-1.0V 
to + 8.0V 


DC Input Voltage 
(V,)(l, 2) 
- 0.5V to + 3.6V 


Storage Temperature 
(Tstg) 
- 65°C to + 150°C 


Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Supply Voltage 
3 
3.6 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
Vcc 
V 


TA 
Operating 
Temperature 
0 
70 
°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(l) 
High Level Input Voltage 
2 
3.6 
V 


VIL(2) 
Low Level Input Voltage 
-0.5 
0.8 
V 


VOH 
TIL 
High Level Output Voltage 
2.4 
V 
Vcc = 3.0V 
10H = -8mA 


CMOS High Output Voltage 
Vcc 
-0.3 
V 
10H = -1 
mA 


VOL 
Low Level Output Voltage 
0.4 
V 
10 = 16 mA D.C. Vcc = Min 


IIH 
High Level Input Leakage Current 
10 
p.A 
VCC = Max 


IlL 
Low Level Input Leakage Current 
-100 
p.A 
GND < VIN < 0.8V 


10ZH 
High Output 
Leakage Current 
10 
p.A 
Vcc = Max 


10ZL 
Low Output Leakage Current 
-100 
p.A 
GND < Your 
< O.BV 


IsC<3) 
Output Short Circuit Current 
-150 
mA 
Vcc = Max, Your 
= 0.5V 


ISB 
Standby 
Power Supply Current 
100 
p.A 
VIN = Vcc or GND 


Icc 
Power Supply Current 
0.10 
mAl 
VCC = 3.6V, VIN = Vcc or GND 
Active 
MHz 
Outputs Open, Device 
Programmed 
as a 0 
Bit Counter. 


NOTES: 
1. Voltages with respect to GND 
2. Minimum D.C. input is -0.5V. During transitions, the inputs may undershoot to -2.0V or overshoot to + 5.25V for periods 
less than 20 ns under no load conditions. 
3. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
TA = O·C to + 70·C, Vcc 
= 3.3V ± O.3V(4) 


IPLDLV22V10-5 
Units 
Symbol 
Parameter 
Mln 
Typ 
Max 


tpo(S) 
Input or I/O to Output Valia 
2 
5 
ns 


tpZX(6) 
Input or I/O to Output Enable 
2 
6 
ns 


tpXZ(6) 
Input or I/O to Output Disable 
2 
5 
ns 


tClR 
Input or I/O to Asynch. 
Reset 
2 
6 
ns 


NOTES: 
4. Typical values are at TA = +2S·C, Vcc = 3.3V. 
S. Refer to switching test conditions. 
6. tpxz is measured at ± O.SV from steady state voltage as driven by specified output load. tpxz is measured with 
CL = S pF. Z -+ 
Hand Z -+ 
l are measured at 1.SVon output. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
TA = O·C to + 70·C, VCC = 3.3V ± O.3V(4) 


IPLDLV22V10·5 
Symbol 
Parameter 
Units 
Mln 
Typ 
Max 


fCNT(S) 
Maximum 
Counter 
Frequency 
142 
MHz 
1/(tsu + teol-External 
Feedback 


fCNT(S) 
Maximum 
Counter 
Frequency 
166 
MHz 
1/(tcNTl-lnternal 
Feedback 


fMAX(S) 
Maximum 
Frequency 
(Pipelinedl 
166 
MHz 
1/tcp-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
3.5 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
0 
ns 


te01 
ClK 
to Output Valid 
1.5 
3.5 
ns 


teo2 
ClK 
to Output Valid Fed Through 
4 
8 
ns 
Combinatorial 
Macrocell 


teNT 
Register Output Feedback 
to 
6 
ns 
Register 
Input-Internal 
Path 


tCl 
ClKlowTime 
3 
ns 


tCH 
ClK 
High Time 
3 
ns 


tcp 
ClK 
Period 
6 
ns 


• 


5Vl, 


Commercial 
Specification 
S1 
CL 
Measured 
Output 
Value 
R1 
R2 


tpD. teo 
Closed 
1.5V 


tpzx 
Z -+ H:Open 
50pF 
1.5 
Z -+ L: Closed 
230n 
260n 


tpxz 
H -+ Z:Open 
5 pF 
H -+ Z: VOH - 
0.5V 
L -+ Z: Closed 
L -+ Z: VOL + 0.5V 


3.0 ~ 
v-:-:::- 
INPUT 
o~.:"':=========_TE_S_T_P_O_IN_T_S:::::::::==:=:::_.-:..~ 


3.0~· 
v-:-:::- 
o UTP UT o~:"':====::::::_T_E_ST_P_O_I_N_TS_-_-_-_-_-_-_-_-_-_-_...._.':.~ 


NOTE: 
A.C. Testing: 
Inputs are driven 
at 3.0V for a logic "1" 
and OV for a logic "0". 
Timing 
measurements 
are made at 1.5V on 


inputs 
and outputs. 
Device 
input rise and fall times 
<2 ns. 


Symbol 
Parameter 
ConditIons 
Min 
Typ 
Max 
UnIts 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
5 
8 
pF 


Cia 
I/O Capacitance 
VOUT = OV, f = 1.0 MHz 
6 
8 
pF 


CCLK 
ClK 
Capacitance 
VaUT = OV, f = 1.0 MHz 
15 
17 
pF 


NOTES: 
7. These 
values 
are evaluated 
at initial 
characterization 
and whenever 
design 
modifications 
occur 
that 
may affect 
capaci- 
tance. 
• 


iPLDLV22V10-15 
LOW VOLTAGE, HIGH PERFORMANCE 
10-MACROCELL CMOS PLD 


• 
Supply Voltage 
Range 3.0V to 3.6V 


• 
tpD 15 ns, 50 MHz with Feedback, 
83.3 MHz with No Feedback 


• 
Max Ice = 35 mA 


• 
12 Dedicated 
Inputs and 10 I/O Pins 


• 
10 Macrocells 
with Programmable 
I/O 
Architecture 
(Register/Combinatorial) 


• 
Variable 
P-terms-Up 
to 16 per 
Macrocell, 
Selectable 
Output 
Polarity, 
Separate 
Output 
Enable P-term 


• 
Global Asynchronous 
Clear and 
Synchronous 
Preset 
P-terms 


• 
1-Micron 
CHMOS 
IIIE EPROM 
Technology 


• 
Programmable 
"Security 
Bit" Allows 
Total Protection 
of Proprietary 
Designs 


• 
100% Generically 
Tested 
Logic Array 


• 
Available 
in 300-mil 24-Pin PDIP and 
28-Pin PLCC Packages 


(See Packaging 
Spec., 
Order 
Number 
240800. 


Package 
Type 
Nand 
P) 


0 
U 
0- 
Z 
Z 
~ 
'" 
'- 
0 
'" 


<Xl 


CLK/INPO 
0- 
;;: '" 
>~ >~ ~ 
~ 
Vcc 
~ ~ 


...J 
u 


INPl 
1/0.9 


INP2 
1/0.8 


INP3 
1/0.7 
INP3 
1/0.7 


INP4 
1/0.6 
INP4 
1/0.6 


INP5 
1/0.5 
INP5 
• 


1/0.5 


INP6 
1/0.4 
GNO or 
NC 
IPLDLV22Vl0 
GND or 
NC 


INP7 
1/0.3 
INP6 
1/0.4 


INP8 
1/0.2 
INP7 
1/0.3 


iNP9 
1/0.1 
INP8 
1/0.2 


INP10 
1/0.0 


GND 
INP11 
'" ~ 
Cl 
U - 
o 
- 
0- 
Z 
Z - o 0 
~ 
0- '" 


0- 
~ 
~ ~ 


':::::-"'.::::- 


290487-1 
Clz 
'" 
290487-2 
Figure 1. Pinout Diagrams 


intel~ 


The iPLDLV22V10 is a low voltage, high-perform- 
ance, high-integration, general-purpose CMOS PLD 
and operates at 3.3V core logic and I/O. 
The 
iPlDLV22V10 
accommodates logic functions with 
up to 22 inputs and 10 I/O macrocells. I/O macro- 
cells include an average of 12 p-terms for input, with 
a separate p-term for output enable. Figure 2 shows 
the global architecture of the device. 


The iPLDLV22V10 is 100% JEDEC-, pin- and func- 
tion-compatible with the industry-standard 22V10 
PLD. JEDEC files developed for 22V10 devices can 
be used to program the iPLDLV22V10. When the 
N PLDLV22V10 (28-pin PLCC) is used to replace a 
conventional 22V10 in an existing design socket, 
pins 8, 15, 22 and 1 are left as No Connects (NC). 
New designs can take advantage of the additional 
device Vcc and grounds these pins offer. 


In addition to the 12 dedicated input pins, the 
iPLDLV22V10 contains 10 programmable macro- 
cells. Each of the macrocells can be programmed to 
function as an input or as a combinatorial or regis- 
tered output. Programmable output polarity and 
programmable 
feedback 
options 
allow 
the 
iPLDLV22V10 to be tailored to the precise needs of 
the target application. Figure 3 shows the architec- 
ture of each macrocell. 


The output polarity for each iPLDLV22V10 macrocell 
is programmable. Each combinatorial or registered 
output can be active-high or active-low. 


iPLDLV22V10 macrocells programmed as combina- 
torial outputs support pin feedback to the logic array 
(Le.,feedback from the I/O pin). iPLDLV22V10 mac- 
rocells programmed as registers allow internal regis- 
ter feedback to the logic array. 


fCNT1 (MHz) 
fMAX (MHz) 
tpo (ns) 
Order Code 
Package 
Operating 
Range 


50 
83.3 
15 
P PLDLV22V10-15 
PDIP 
Commercial 


N PLDLV22V10-15 
PLCC 
Commercial 
• 


PROGRAMMABLE 
AND 
ARRAY 
(44 x 132) 


INP2 
1/0.7 


INP3 


1/0.6 


INP4 


1/0.5 


INP5 


INP6 
1/0.4 


INP7 
1/0.3 


INP8 


1/0.2 


INP9 


1/0.1 


INP10 


1/0.0 
INPll 


81 
80 
Output/Polarity 
Feedback 


0 
0 
Registered/ 
Active Low 
Registered 
0 
1 
Registered/ 
Active High 
Registered 
1 
0 
Combinatorial/ 
Active 
Low 
Pin 
1 
1 
Combinatorial/ 
Active High 
Pin 


Register Preset/Reset 


iPLDLV22V10 
macrocell 
registers 
can be preset 
or 


.reset using global preset and reset p-terms. 
Register 
preset 
is synchronous 
and must meet the specified 
setup time to the clock signal. Register 
reset is asyn- 
chronous 
and 
has 
no 
setup 
requirement 
to 
the 
clock. 
Preset and reset set or reset the register. 
Out- 
put polarity 
is selected 
separately. 


so •. 
OUTPUT 
SELECT. 


S1 : 


Each 
macrocell 
contains 
an output 
buffer 
that 
can 
place 
the 
respective 
output 
in a high-impedance 
state (three-state). 
The output buffer is controlled 
by 
a single p-term per macrocell 
in the logic array and is 
asynchronous. 


iPLDLV22V10 
inputs 
and outputs 
begin 
responding 
1 fLs (max.) 
after 
VCC power-up 
(VCC = 
3.0V) 
or 
after 
a power-Ioss/power-up 
sequence. 
All macro- 


cells programmed 
as registers 
are set to a logic low . 


• 


Prior to programming, all EPROM logic array cells 
are in the "connected" state. The macrocells by de- 
fault are configured for registered output, active-low 
operation with registered feedback. 


Intelligent 
Programming 
Alogrithm 


The iPLDLV22V10 supports the Intelligent Program- 
ming Algorithm, a fast, reliable algorithm for pro- 
gramming many types of Intel programmable devic- 
es. 


The iPLDLV22V10 is fabricated on Intel's CHMOS 
EPROM process. Over 20 million devices (including 
EPROMs and Microcontrollers) have been fabricat- 
ed on this process. 


The iPLDLV22V10 is completely tested at the facto- 
ry. Unlike fuse-based PLDs, which have one-time 
programmable fuse links that limit testing to small- 
scale 
sampling, 
each 
EPROM 
cell 
in 
the 
iPLDLV22V10 is tested and erased prior to ship- 
ment. 


A single programmable bit, called the security bit or 
verify protect bit, controls access to the data pro- 
grammed into the device. Once this security bit is 
set, the design cannot be copied. 


Since data in the device is stored in EPROM cells, 
the contents of the device cannot be read even with 


intel~ 


microscopic examination, providing an additional 
level of design security not available with fuse-based 
devices. 


Third Party Support 


The iPLDLV22V10 is supported by choosing the 
standard 22V10 from third-party logic compilers 
such as ABEL*, CUPL*, PLDesigner*, Log/IC, etc. 
Programming support is provided by third-party pro- 
grammer companies such as Data I/O, Logical De- 
vices, STAG, etc. Please refer to the "Third-Party 
Support" lists in the Programmable 
Logic handbook 
for complete information and vendor contacts. 


Full logic compilation and functional simulation for 
the iPLDLV22V10 is supported by PLDshell Plus 
software by choosing the PLD22V10 option on the 
programming menu. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for PLD design. PLDshell Plus 
allows users to incorporate their preferred text edi- 
tor, programming software, and additional design 
tools into a easy-to-use, menued design environ- 
ment that includes Intel's PLDasm logic compiler 
and simulation software along with disassembly, 
conversion, and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative, order #611942. 


"ABEL 
is a trademark 
of Data I/O Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 


Log/IC 
is a trademark 
of ISDATA, 
Corporation. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 
tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Supply Voltage 
(VCd(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(VI)(1, 2) 
-0.5V 
to Vcc 
+ 0.5V 


Storage Temperature 
(Tstg) 
- 65°C to + 150°C 


AmbientTemperature 
(TA) 
-10°C 
to + 85°C 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage 
3.0 
3.6 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(3) 
High Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


Vll(3) 
Low Level Input Voltage 
-0.6 
0.8 
V 


VOH 
TTL High Output Voltage 
2.4 
V 
Vcc = 3.0V 
10H = -0.4 
mA 


CMOS High Output Voltage 
Vcc 
- 
0.3 
V 
10 = -100pH 
= VccMin 


VOL 
Low Level Output Voltage 
0.5 
V 
10 = 16 mA D.C., Vcc = Min 


II 
Input Leakage Current 
10 
/LA 
Vcc = Max., GND < VIN < Vcc 


102 
Output 
Leakage Current 
10 
/LA 
VCC = Max., GND < VOUT < Vcc 


ISC(4) 
Output Short Circuit Current 
120 
mA 
Vcc = Max., VOUT = 0.5V 


Icc 
Power Supply Current 
35 
mA 
Vcc = 3.6V 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to +7.0V for periods 
of less than 20 ns under no load conditions. 
3. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
4. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


• 


Commercial 
Measured 
Specification 
S1 
CL 
R1 
R2 
Output Value 


tpD. tco 
Closed 
1.5V 


tpzx 
Z -+ H:Open 
50 pF 
2400 
1600 
1.5V 


Z -+ l: Closed 


tpxz 
H -+ Z: Open 
5 pF 
H -+ Z: VOH - 
0.5V 


l -+ Z: Closed 
l -+ Z: VOL + 0.5V 


INPUT 
3·:1~_TEST 
POINTS-'E.. 


OUTPUT 
1~ 
- 
TEST POINTS - 
'E.. 


290487-6 
A.C. Testing: 
Inputs are Driven at 3.0V for a Logic "1" and OVfor a Logic "0". Timing 
Measurements 
are made at 1.5V. 


Outputs 
are measured 
at 1.5V. Device 
input rise and fall times < 3 ns. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV. f = 1.0 MHz 


CIO 
I/O Capacitance 
6 
8 
pF 
VOUT = OV. f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
15 
17 
pF 
VOUT = OV. f = 1.0 MHz 


iPLDLV22V10·15 
Symbol 
Parameter 
Units 
Mln 
Typ 
Max 


tpD(7) 
Input or I/O to Output Valid-w/1 
0 Outputs Switching 
6 
15 
ns 


tpZX(8) 
Input or I/O to Output Enable 
6 
15 
ns 


tpXZ(8) 
Input or I/O to Output Disable 
6 
15 
ns 


teLR 
Input or I/O to Asynch. 
Reset 
20 
ns 


NOTES: 
5. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 
tance. 
6. Typical values are at TA = + 25·C, Vcc = 3.3V. 
7. Ten outputs switching. 
2 


8. tpzx and tpxz are measured at ±O.5V from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. Z -+ Hand Z -+ L are measured at 1.5V on output. 
9. Measured with device configured as a 10-bit counter. 


REGISTER MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 


(TA = O·C to + 70·C, VCC = 3.3V ± 10%)(6) 


iPLDLV22V10·15 
Symbol 
Parameter 
Units 
Mln 
Typ 
Max 


fCNT1(7) 
Max. Counter 
Frequency 
50 
60 
MHz 
1/(tsu + tco)-External 
Feedback 


fCNT2(7) 
Max. Counter 
Frequency 
83.3 
95 
MHz 
1/(tCNT)-lnternal 
Feedback 


fMAX 
Max. Frequency 
(Pipelined) 
83.3 
95 
MHz 
1/tep-No 
Feedback 


tsu 
Input or I/O Setup Time to ClK 
3 
ns 


tsp 
Input or I/O Setup Time to Synchronous 
Preset 
10 
ns 


tH 
Input or I/O Hold Time from ClK 
0 
ns 


tC01 
ClK 
to Output Valid 
3 
10 
ns 


tC02 
ClK 
to Output Valid Fed Through 
Combinatorial 
Macrocell 
18 
ns 


tCNT 
Register 
Output Feedback 
to Register 
Input-Internal 
Path 
12 
ns 


tCL 
ClK 
low 
Time 
5 
ns 


tCH 
ClK 
High Time 
5 
ns 


tcp 
ClK 
Period 
12 
ns 


tarw 
Asynchronous 
Reset Pulse Duration 
5 
ns 


tarr 
Asynchronous 
Reset to ClK i Recovery 
Time 
10 
ns 


_I_N_P_U_T_O_R_I_/_O 
X.. 
_ 
~~O----': 


i 
x==== 
.-tpxz-; 


CO~BINATORIAl 
OR 
REGISTERED OUTPUT 


HIGH-I~PEOANCE 
3-STATE 


:--tpzx-; 


: 
<:::V:A:l:IO::O:U:TP:U:T::= 


t'4-- 
teLR-'-': 


;- 
tep-----...; 


;-t.eH-; 
I 


,,, 
,-te;02-; 
, 


Conditions: 
TA = 70'C 
Vcc 
= 4.75V 


~ 
+3n5 


c 
+2n5 
~ 
.s. 
+1os 


Internal 
power-up 
reset 
circuits 
ensure 
that 
all flip- 
flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc rise can vary significantly 
from 
one application 
to another, 
Vcc 
rise must 
be 
monotonic. 


___ 
.IiVON 
:-tpR-; 


'1 
~~~~.:-- 
~'j 


:-- teL-': 


POWER-UP 
RESET 
CHARACTERISTICS 


Parameter 
Parameter 
Value 
Symbol 
Description 


tpR 
Power-Up 
1000 ns Max. 
Reset Time 


VON 
Turn-On 
2.5V 
Voltage 


Input/Output 
Equivalent 
Schematics 


vcc 


290487-11 


vcc 
vcc 


I/O 
PIN 


ESD 


PROTECTION 


INPUT 
PIN 


FEEDBACK 
PROGRAM/ 


VERIFY 
CIRCUITS 
290487-12 


• 


85C22V10 
HIGH PERFORMANCE 
10-MACROCELL CMOS PLD 
• High-Speed 
Upgrade 
to Bipolar 
• Global Asynchronous 
Clear and 
22V10/22VP10 
and CMOS Equivalents 
Synchronous 
Preset 
P-terms 
• High Performance, 
LSI Semi-Custom 
• 1-Micron 
CHMOS 
IIIE EPROM 
Logic Alternative 
to Low-End 
Gate 
Technology, 
UV-Erasable 
(CerDIP) 
or 
Arrays, 
TIL, 
74HC SSI and MSI Logic, 
OTP 
and Bipolar PLDs 
• Typical Ice = 90 mA 
@ 15 MHz 
• tpD 10 ns, 95.2 MHz with Feedback, 
• Programmable 
Invert Clock Option 
100 MHz with No Feedback 


12 Dedicated 
Inputs and 10 I/O 
Pins 
• Programmable 
"Security 
Bit" Allows 
• 
Total Protection 
of Proprietary 
Designs 
• 10 Macrocells 
with Programmable 
I/O 
• 100% Generically 
Tested 
Logic Array 
Architecture 
(Register IComblnatorial) 


Variable 
P-terms-Up 
to 16 per 
• Available 
in 300-mil 24-Pin CerDIP/PDIP 
• 
and 28-Pin PLCC Packages 
Macrocell, 
Selectable 
Output 
Polarity, 
(See 
Packaging 
Spec., 
Order 
Number 
240600, 
Separate 
Output 
Enable P-term 
Package 
Type 
D, Nand 
P) 


CLK/INPO 


INPl 


INP2 


INP3 


INP4 


INP5 


INP6 


INP7 


INP6 


INP9 


INP10 


GND 


Vcc 
1/0.9 


1/0.6 


1/0.7 


1/0.6 


1/0.5 


1/0.4 


1/0.3 


1/0.2 


1/0.1 


1/0.0 


INP11 


INP3 


INP4 


INP5 


GND or NC 


INP6 


INP7 


INP6 


1/0.7 


1/0.6 


1/0.5 


N85C22V 
10 
GND or NC 


21 
1/0.4 


1/0.3 


1/0.2 


The 85C22V10 
is a high-performance, 
high-integra- 
tion, 
general-purpose 
CMOS 
PLD. The 
85C22V10 
accommodates 
logic functions 
with up to 22 inputs 
and 
10 I/O 
macrocells. 
I/O 
macrocells 
include 
an 
average 
of 
12 p-terms 
for 
input, 
with 
a separate 
p-term for output 
enable. 
Figure 2 shows the global 
architecture 
of the device. 


The 85C22V10 
is 100% 
JEDEC-, 
pin- and function- 
compatible 
with 
the 
industry-standard 
22V10 
PLD. 


JEDEC 
files 
developed 
for 22V10 
devices 
can 
be 
used to program 
the 85C22V10. 
For designs 
requir- 


ing the 85C22V10 
superset 
features, 
a new JEDEC 
must be developed. 
When 
the N85C22V10 
(28-pin 
PLCC) is used to replace a conventional 
22V1 0 in an 
existing 
design 
socket, 
pins 8, 15, 22 and 1 are left 
as No Connects 
(NC). New designs 
can take advan- 
tage of the additional 
device Vcc and grounds 
these 
pins offer. 


In 
addition 
to 
the 
12 
dedicated 
input 
pins, 
the 
85C22V10 
contains 
10 programmable 
macrocells. 


Each of the macrocells 
can be programmed 
to func- 
tion as an input or as a combinatorial 
or registered 
output. 
Programmable 
output 
polarity 
and program- 


li:lllU'I:'U IU UII:' prl:'(,;I:;I:'nl:'ea:; 01 me 
largel 
applIca- 
tion. Figure 3 shows the architecture 
of each macro- 
cell. 


Output Polarity 


The output 
polarity 
for each 85C22V10 
macrocell 
is 
programmable. 
Each 
combinatorial 
or 
registered 
output can be active-high 
or active-low. 


85C22V10 
macrocells 
programmed 
as combinatorial 
outputs 
support 
pin feedback 
to the logic array (Le., 2 


feedback 
from 
the 
I/O 
pin). 85C22V10 
macrocells 
programmed 
as 
registers 
allow 
internal 
register 
feedback 
to the logic array. These 
options 
are sup- 
ported 
on both the 22V10 and 22VP10 
devices. 


85C22V10 
macrocells 
programmed 
as registers 
also 
allow 
feedback 
to the logic array from the I/O 
pin. 


This feature 
is also supported 
on 22VP10 
devices. 


In addition, 
however, 
the 85C22V10 
provides 
a su- 


perset 
feature 
with its ability to implement 
a combi- 
natorial 
output 
with registered 
feedback 
to the logic 
array. 
This 
feedback 
option 
allows 
a 
single 
85C22V10 
macrocell 
to 
implement 
designs 
that 
would take up two macrocells 
in 22V1 0/22VP1 0 de- 


vices. 


fCNT1 (MHz) 
fMAX (MHz) 
tpo (ns) 
Order 
Code 
Package 
Operating 
Range 


95.2 
100 
10 
D85C22V 10-10 
'CerDIP 
Commercial 


P85C22V 10-10 
PDIP 
Commercial 


N85C22V1 0-1 0 
PLCC 
Commercial 


64.5 
83.3 
15 
D85C22V10-15 
'CerDIP 
Commercial 


P85C22V 10-15 
PDIP 
Commercial 


N85C22V 10-15 
PLCC 
Commercial 


PROGRAMMABLE 
AND 
ARRAY 
(44x 
132) 


INP2 


1/0.7 


INP3 


1/0.6 


INP4 


1/0.5 


INP5 


INP6 


1/0.4 


INP7 
1/0.3 


INP8 


1/0.2 


INP9 


1/0.1 


INP10 


1/0.0 
INPll 


intel~ 


so •. 
OUTPUT 
SELECT 
• 
51 : 


Table 
1 lists the macrocell 
configurations: 


Table 
1. 85C22V10 
Macrocell 
Configurations 


52 
51 
50 
Output/Polarity 
Feedback 


0 
0 
0 
Registered/ 
Active 
Low 
Registered 
0 
0 
1 
Registered/ 
Active 
High 
Registered 
0 
1 
0 
Combinatorial! 
Active 
Low 
Pin 
0 
1 
1 
Combinatorial! 
Active High 
Pin 


1 
0 
0 
•• Registered! 
Active 
Low 
Pin 


1 
0 
1 
•• Registered! 
Active High 
Pin 


1 
1 
0 
'Combinatorial! 
Active 
Low 
Registered 


1 
1 
1 
'Combinatorial! 
Active High 
Registered 


A clock invert option for each macrocell 
allows mac- 
rocell 
registers 
to be independently 
clocked 
on the 
rising or falling edge of the global clock. This super- 
set feature 
allows 
the 85C22V10 
to implement 
de- 
signs 
that 
could 
not 
be 
implemented 
in 
a 
22V1 0/22VP1 0 device. 


85C22V10 
macrocell 
registers 
can be preset 
or re- 
set using global 
preset 
and reset p-terms. 
Register 
preset 
is synchronous 
and must meet the specified 
setup time to the clock signal. Register 
reset is asyn- 
chronous 
and 
has 
no 
setup 
requirement 
to 
the 
clock. Preset and reset set or reset the register. Out- 
put polarity 
is selected 
separately. 


Each 
macrocell 
contains 
an output 
buffer 
that 
can 
place 
the 
respective 
output 
in a high-impedance 
state (three-state). 
The output buffer is controlled 
by 
a single p-term per macrocell 
in the logic array and is 
asynchronous. 


85C22V10 
inputs and outputs begin responding 
1 /Ls 
(max.) after VCC power-up 
(VCC = 4.75V) or after a 
power-Ioss/power-up 
sequence. 
All macrocells 
pro- 


grammed 
as registers 
are set to a logic low. 


Erase time for the 85C22V10 
is 2% hours at 
12,000 /LW/cm2 
with a 2537A 
lamp. 


Erasure 
begins 
upon 
exposure 
to light with 
wave- 
lengths 
shorter 
than 
approximately 
4000A. 
Sunight 
and certain 
types 
of fluorescent 
lamps 
have wave- 
lengths 
in the 3000A 
to 4000A 
range. 
Erase 
data 
indicates 
that constant 
exposure 
to room level fluo- 


rescent 
lighting will erase the device in approximate- 
ly six years. 
It would take approximately 
two weeks 
of constant 
expo')ure 
to direct 
sunlight 
to erase the 
device. 


• 


Prior to programming 
or after 
erasure, 
all EPROM 
logic array cells 
are in the "connected" 
state. 
The 
macrocells 
by default 
are configured 
for registered 
output, 
active-low 
operation 
with 
registered 
feed- 
back. 


Intelligent 
Programming 
Alogrithm 


The 85C22V1 0 supports 
the Intelligent 
Programming 
Algorithm, 
a fast, reliable 
algorithm 
for programming 
many types of Intel programmable 
devices. 


The 
85C22V10 
is 
fabricated 
on 
Intel's 
CHMOS 
EPROM 
process. 
Over 20 million devices 
(including 
EPROMs 
and Microcontrollers) 
have been fabricat- 
ed on this process. 


The 85C22V10 
is completely 
tested 
at the factory. 
Unlike 
fuse-based 
PLDs, which 
have one-time 
pro- 
grammable 
fuse 
links 
that 
limit 
testing 
to 
small- 
scale sampling, 
each EPROM 
cell in the 85C22V10 
is tested 
and erased 
prior to shipment. 


85C22V10 
macrocell 
registers 
can 
be 
preloaded 
with any pattern 
to allow testing 
of all possible 
logic 
states. 
Information 
on register 
preload 
for test pur- 
poses is available 
from Intel. 


A single programmable 
bit, called the security 
bit or 
verify 
protect 
bit, controls 
access 
to the data 
pro- 
grammed 
into the device. 
Once 
this security 
bit is 
set, the design cannot 
be copied. 
The security 
bit is 
cleared 
via UV-erasure 
along with device 
contents. 


intel~ 


Since data in the device 
is stored 
in EPROM 
cells, 


the contents 
of the device cannot 
be read even with 
microscopic 
examination, 
providing 
an 
additional 
level of design security 
not available 
with fuse-based 
devices. 


The 85C22V10 
is supported 
by Intel's 
PLDshell 
Plus 
software 
and third-party 
development 
tools. Since it 
is 
JEDEC 
compatible 
with 
other 
manufacturer's 
22V10/22VP10 
devices, 
it is supported 
on all design 
tools that support 
the 22V1 0/22VP1 o. 


Full logic compilation 
and functional 
simulation 
for 
the 85C22V10 
is supported 
by PLDshell 
Plus soft- 
ware. 


PLDshell 
Plus design 
software 
is Intel's 
new, user- 
friendly 
design tool for IJ-PLD design. 
PLDshell 
Plus 
allows 
users to incorporate 
their preferred 
text edi- 
tor, 
programming 
software, 
and 
additional 
design 
tools 
into an easy-to-use, 
menued 
design 
environ- 


ment 
that 
includes 
Intel's 
PLDasm 
logic 
compiler 
and 
simulation 
software 
along 
with 
disassembly, 


conversion, 
and 
translation 
utilities. 
The 
PLDasm 
compiler 
and 
simulator 
software 
accepts 
industry- 


standard 
PDS source 
files that express 
designs 
as 
Boolean 
equations, 
truth tables, 
or state 
machines. 
On-line 
help, datasheet 
briefs, technical 
notes, 
and 
error 
message 
information, 
along 
with 
waveform 
viewing/printing 
capability 
make the design 
task as 
easy as possible. 
PLDshell 
Plus software 
is available 
from Intel Literature 
channels 
or from your local Intel 
sales representative, 
order # 46881 O. 


Tools 
that 
support 
schematic 
capture 
and 
timing 
simulation 
for the 85C22V10 
are available. 
Support 
under 
iPLS 
II is still available. 
Please 
refer 
to the 
"Development 
Tools" 
section 
of the Programmable 
Logic handbook. 


• 
• 
• 
Supply Voltage 
(VCc)(1) 
- 2.0V to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0Vto 
+ 13.5V 


D.C. Input Voltage 
(VI)(1, 2) 
- 0.5V to Vcc 
+ 0.5V 


Storage Temperature 
(Tstg) 
- 65·C to + 150·C 


Ambient 
Temperature 
(TA)(3j 
-1 O·C to + 85·C 


I .....•.•. 
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• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Va 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
5 
ns 


tF 
Input Fall Time 
5 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc 
+ 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
TTL High Output Voltage 
2.4 
V 
10 = -4 
mA D.C., Vcc = Min 


CMOS High Output Voltage 
Vcc 
- 
0.3 
V 
10 = -100 
pH, Vcc = Min 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 16 mA D.C., Vcc = Min 


II 
Input Leakage Current 
10 
/LA 
Vcc = Max., GND < VIN < Vcc 


loz 
Output 
Leakage Current 
10 
/LA 
Vcc = Max., GND < VOUT < Vcc 


ISC<5) 
Output Short Circuit Current 
120 
mA 
Vcc = Max., VOUT = 0.5V 


Icc 
Power Supply Current 
90 
130 
mA 
VCC = Max., VIN = VCC or GND, 


(See ICC vs. Freq. Graph) 
No Load, fiN = 15 MHz, 
Device Prog. as a 1O-Bit Counter 


NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to +7.0V for periods 


of less than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also available. 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 


• 


Commercial 
Measured 
Specification 
S1 
CL 
R1 
R2 
Output Value 


tpD. tco 
Closed 
1.5V 


tpzx 
Z -+ 
H:Open 
50 pF 
2400 
1600 
1.5V 


Z -+ 
l: Closed 


tpxz 
H -+ 
Z:Open 
5 pF 
H -+ 
Z:VOH 
- 
0.5V 


l -+ 
Z: Closed 
l -+ 
Z:VOL + 0.5V 


INPUT 
3'~~_TEST 
POINTS_~ 


l~-TEST 
POINTS-~ 


290416-6 
A.C. Testing: 
Inputs are Driven at 3.0V for a Logic "1" and OVfor a Logic "0". Timing 
Measurements 
are made at 1.5V. 


Outputs 
are measured 
at 1.5V. Device 
input rise and fall times < 3 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Units 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/O Capacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
15 
17 
pF 
VOUT = OV, f = 1.0 MHz 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(TA = O·C to + 70·C, vcc 
= 5.0V 
± 5%)(7) 


85C22V10·10 
85C22V10-15 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


tpO(8) 
Input or I/O to Output Valid- 
3 
10 
3 
15 
ns 


w/10 
Outputs Switching 


tpZX(9) 
Input or I/O to Output Enable 
3 
10 
3 
15 
ns 


tpXZ(9) 
Input or I/O to Output Disable 
3 
10 
3 
15 
ns 


tClR 
Input or I/O to Asynch. 
Reset 
15 
20 
ns 


NOTES: 
6. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 
tance. 
7. Typical values are at TA = + 25°C, Vcc = 5V. 
2 


8. Ten outputs switching. 
9. tpzx and tpxz are measured at ±O.5V from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. Z -+ Hand Z -+ l are measured at 1.5V on output. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
(TA = O·C to +70·C. 
VCC = 5.0V 
±5%)(7) 


85C22V10-10 
85C22V10·15 
Symbol 
Parameter 
Units 
Min 
Typ 
Max 
Min 
Typ 
Max 


fCNT1(8) 
Max. Counter Frequency 
95.2 
100 
64.5 
70 
MHz 


1/ (tsu 
+ tco)-External 
Feedback 


fCNT2(8) 
Max. Counter 
Frequency 
100 
105 
83.3 
95 
MHz 
1/ (teNT)-lnternal 
Feedback 


fMAX(8) 
Max. Frequency 
(Pipelined) 
100 
110 
83.3 
95 
MHz 
1/tep-No 
Feedback 


tSU1 
Input or I/O Setup Time to ClK 
3.5 
7.5 
ns 


tSU2 
Input or I/O Setup Time to Inverted ClK 
4.5 
8.5 
ns 


tsp 
Input or I/O Setup Time to Synchronous 
4.5 
7.5 
ns 
Preset 


tH 
Input or I/O Hold Time from ClK 
0 
0 
ns 


te01 
ClK 
to Output Valid 
3 
7 
2 
8 
ns 


tC01 
Inverted 
ClK 
to Output Valid 
3 
7 
2 
8 
ns 


tC02 
ClK 
to Output Valid Fed Through 
16 
18 
ns 
Combinatorial 
Macrocell 


teNT 
Register 
Output Feedback 
to 
10 
12 
ns 
Register 
Input-Internal 
Path 


tel 
ClK 
low Time 
4 
5 
ns 


tCH 
ClK 
High Time 
4 
5 
ns 


tcp 
ClK 
Period 
10 
12 
ns 


tarw 
Asynchronous 
Reset Pulse Duration 
4 
5 
ns 


tarr 
Asynchronous 
Reset to ClK t Recovery 
Time 
7 
9 
ns 
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Conditions: 
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Conditions: 
TA = 70'C 
Vcc 
= 4.75V 
CL = 50 pF 


••C 
+3ns 


,g 
+2ns 
~ 
.J. 
+1 ns 


Ons 


Conditions: 
TA = 70·C 
Vcc 
= 4.75V 


Internal 
power-up 
reset 
circuits 
ensure 
that 
all flip- 


flops 
will be reset to a logic 0 after the device 
has 


powered 
up. Because 
Vcc 
rise can vary significantly 


from 
one application 
to another, 
VCC rise must be 


monotonic. 


CLOCK 
(., 


POWER-UP 
RESET 
CHARACTERISTICS 


Parameter 
Parameter 
Value 
Symbol 
Description 


tpR 
Power-Up 
1000 ns Max. 


Reset Time 


VON 
Turn-On 
4.75V 
Voltage 


- 
290416-13 


vcc 
vcc 


I/O 
PIN 


ESD 


PROTECTION 


INPUT 
PIN 


fEEDBACK 


PRELOAD 


AND 
PROGRAM/ 


VERifY 
CIRCUITS 
290416-14 


• 


iPLD610 
FAST1~MACROCELLCMOSPLD 


Function, 
Pin, and JEDEC Compatible 
with EP600, EP610, 


EP610A, EP630, PALCE610, 
85C060 and 5C060 PLDs 


• tpD 10 ns, 100 MHz Counter Frequency 
• Programmable Clock System with 2 


(wllnternal 
Feedback) 
Synchronous Clocks and Asynchro- 


• Icc = 105 mA max. @ 1 MHz 
nous Clocking Option on all Registers 


• Programmable Low-Power Option for 
• Extensive Software and Programming 


"Standby" Operation; 20 }-LATyp. in 
Support via Intel and Third Party Tools 


Standby Mode 
• 1-Micron CMOS· III-E EPROM 


• Clocking Speed Same as -7 
ns PAL· 
Technology 


(74 MHz wi External Feedback) 
• Programmable "Security Bit" Allows 


• 16 Macrocells with Programmable 1/0 
Total Protection of Proprietary Designs 


Architecture (RegisterICombinatorial). 
• 100% Generically Tested Logic Array 


Registers Configurable as D/T/JK/RS 
• Available in 300-mil 24-Pin PDIP, CerDIP 
Types 
and 28-Pin PLCC Packages 
• Up to 20 Inputs (4 Dedicated and 16 
(See 
Packaging Specifications Order Number 
# 240800-001, 


I/O) 
Package Type Nand P) 
• 8 P-Terms, Selectable SOP Invert, Clear 
and OE P-Terms for Each Macrocell 


... 
~ 
ClKl 
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0 
0:: :5 
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:!!O 
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Figure 
1. iPLD610 
Pin Configurations 
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Figure 2. iPLD610 Global Architecture 


The iPLD610 is a high-performance, high-integra- 
tion, general-purpose CMOS PLD.The iPLD610 PLD 
(Programmable Logic Device) accommodates logic 
functions with up to 20 inputs and 16 I/O macro- 
cells. Each I/O macrocell includes 8 product-terms 
(p-terms) for input, a separate clear p-term, and an 
output 
enable/asynchronous 
clock 
p-term. 
The 
iPLD610 is function-, pin-, and JEDEC-compatible 
with 
the 
EP600, 
EP610, 
EP610A, 
EP630, 
PALCE610, 85C060 and 5C060 PLDs. With a clock- 
ing speed of 74 MHz (w/external feedback) the 
iPLD610 offers a higher integration, lower power al- 
ternative to registered -7 ns PALs/GALs. 


The iPLD610 uses CMOS EPROM (floating gate) 
cells as logic control elements instead of fuses. The 
CMOS EPROM technology 
reduces power con- 


sumption in comparison to bipolar devices without 
sacrificing speed performance. In addition, Intel's 
advanced CMOS III-E EPROM process technology 
enables higher logic densities to be achieved with 
superior speed and low-power performance over 
other comparable devices. Intel's /LPLDs add the 
benefits of "zero" stand-by power not available on 
other programmable logic devices. EPROM technol- 
ogy allows these devices to be 100% factory tested 
by programming and erasing all the EPROM logic 
control elements. 
• 


The architecture of the iPLD610 is based on the 
"Sum of Products" PLA (Programmable Logic Array) 
structure with a programmable AND array feeding 
into a fixed OR array. The device accommodates 
combinational and sequential logic functions. A pro- 
grammable I/O architecture provides individual se- 
lection of either combinatorial or registered output 
and feedback signals all with selectable polarity. 


A feature unique to the iPLD610 is the ability to indi- 
vidually program the output registers as a D-, T-, 
SR-, or JK-type Flip-Flop without sacrificing the utili- 
zation of programmable AND logic. Each output reg- 
ister can be individually clocked from any of the in- 
put or feedback paths available within the AND ar- 
ray. With these features, a wide variety of logic func- 
tions can be simultaneously implemented-all on the 
same device. 


Ex1ernally,the iPLD610 has 4 dedicated data input 
pins, 16 I/O pins that may be configured for input, 
output, or bidirectional operations, and 2 synchro- 
nous clock inputs. The iPLD610 is contained in a 
24-pin ceramic windowed or OTP plastic (300 mils) 
or 28-lead OTP J-Ieaded chip carrier package. 


The basic Macrocell architecture for the iPLD610 is 
shown in Figure 3. The iPLD610 has 16 of these 
Macrocells (one for each I/O pin). The Macrocell is 
organized in the familiar sum-of-products structure 
with a programmable AND array attached to a fixed 
OR term. The inputs to the programmable AND ar· 
ray originate from the true and complement signals 
from each of the dedicated input pins and each of 
the I/O control blocks. The 40-input AND array of 
the iPLD610 feeds 160 AND gates (product terms) 
which are distributed among the 16 Macrocells in 
the device. 


intel~ 


Each Macrocell contains ten product terms. Eight of 
the ten product terms (AND gates) are dedicated for 
the SOP logic implementation. One product term on 
each Macrocell is used for RESET control to the 
output register associated with the Macrocell. The 
final product term is used for OE/ Asynchronous 
Clock implementation. 


Within the AND array, there is an EPROM connec- 
tion at every intersection of an input signal (true and 
complement) and a product term to a given Macro- 
cell. Before programming an erased device, every 
EPROM connection is made at every intersection. 
But during the programming process, these connec- 
tions are opened so that only the desired connec- 
tions remain. Therefore, the true or complement of 
any input signal can be connected to any product 
term. If both the true and complement connections 
of any signal are left intact, a logical false results on 
the output of the AND gate. However, if both the true 
and complement connections are open, then a logic 
"don't care" results on the AND gate. Lastly, if all 
the inputs of a product term are programmed open, 
then a logical true results on the output of the AND 
gate. 


The iPLD610 has two dedicated clock inputs to pro- 
vide synchronous clock signals to the internal regis- 
ters. Each of the clock signals controls half the total 
registers within the given device. For example, CLK1 
provides synchronous clocking to the registers in 
Macrocells in the left half of the array while CLK2 
controls the registers associated with Macrocells in 
the right half of the array. The advanced I/O archi- 
tecture allows for any number of the registers to be 
synchronously clocked (from none to all). Both of 
the dedicated clock inputs latch the data into a given 
register when triggered on a positive edge. 


MACROCELL 
ARCHITECTURE 
SELECTION 


The iPLD610 architecture provides each Macrocell 
with over 50 different possible I/O register configu- 
rations. Each I/O pin can be configured for combina- 
torial or registered output (true or complement) with 
feedback. In addition, four different types of output 
registers can be implemented on I/O pin without any 
additional logic requirements. The feedback mecha- 
nism for each register back into the AND array can 
be programmed to provide for either registered feed- 
back from the Macrocell or input feedback (treating 
the pin as an input). Another advantage of the ad- 
vanced I/O capability of the iPLD610 is the ability to 
individually clock each internal register from asyn- 
chronous clock signals. 


The Invert Select EPROM bit is used to invert the 
product term input into the register. This applies to 
all inputs including double inputs on the JK and SR 
registers. 


The advanced I/O architecture of the iPLD610 al- 
lows four different register types along with combi- 
natorial output as illustrated in Figure 4a. The regis- 
ter types include a T, D, JK, or SR Flip-Flop and 
each Macrocell I/O structure may be independently 
configured. In addition, all registers have an individu- 
al asynchronous RESET control from a dedicated 
product term derived in the AND array. When this 
dedicated product term is a logical one, the Macro- 
cell register is immediately cleared to a logical zero 
independent of the register clock. The RESET func- 
tion occurs automatically on power-up. 


The four different register types shown in Figure 4b- 
4e are described below. 


When either a D- or T-type Flip-Flop is configured 
as part of the I/O structure, all eight of the product 
terms into the Macrocell are ORed together and 
fed into the register input. 


When either a JK or SR register is configured, the 
eight product terms are shared among two OR 
gates (one for the J or S input and the other for 
the K or R input). The allocation for these product 
terms for each of the register inputs is optimized 
by the PLDshell Plus software. 


The Output Select Multiplexer allows for either regis- 
tered, combinatorial or no output. 


The Feedback Select Multiplexer EPROM bit en- 
ables registered, I/O (using the pin for bidirectional 
input or just input), or no feedback to the AND array. 


The Feedback Select is also important for building 
equations with more than a product terms. The 
a-product product term of a Macrocell can be fed 
back into the AND array and combined with still 
more signals to create a much larger product term 
(of more than a-inputs). If the feedback term is not to 
be used as an output, the associated Macrocell pin 


should be left floating (no connect) when assembled 
onto a circuit board. 


Any I/O pin may be configured as a dedicated input 
by selecting no output and pin feedback through the 
appropriate multiplexers. 


OUTPUT IPOLARITY 
FEEDBACK 


Combinatorial/High 
Pin, None 
Combinatorial/Low 
Pin, None 


None 
Pin 


I/O SELECTION 


OUTPUTI 
POLARITY 


D-Register/High 
D-Register/Low 
None 
None' 


D-Register, 
Pin, None 


D-Register, 
Pin, None 
D-Registered 
Pin 


D 
On 
On + 1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 


OUTPUT IPOLARITY 


T-Register/High 


T-Register/Low 
None 
None 


FEEDBACK 


T-Register, 
Pin, None 
T-Register, 
Pin, None 
T-Register 


Pin 


T 
On 
On + 1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


• 


OUTPUT/POLARITY 
FEEDBACK 


JK Register/High 
JK Register, 
None 


JK Register/Low 
JK Register, 
None 


None 
JK Register 


J 
K 
On 
On + 1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 


OUTPUT/POLARITY 
FEEDBACK 


SR Register/High 
SR Register, 
None 
SR Register/Low 
SR Register, 
None 
None 
SR Register 


S 
R 
On 
On + 1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 


1 
1 
Illegal 


Two 
modes 
of 
operation 
are 
provided 
by 
the 
OE/ClK 
Select 
Multiplexer 
as a part of each Macro- 


cell. One mode provides 
for three-state 
buffering 
of 
outputs 
while in the other mode, the outputs 
are al- 


ways enabled. 
The operation 
of the OE/ClK 
Select 


Multiplexer 
sets the mode within 
a given Macrocell. 


Therefore, 
the output 
mode can be selected 
individ- 


ually 
on every 
output. 
Figure 
5 illustrates 
the two 


modes 
of OE/ClK 
operation. 


In Mode 0, the three-state 
output buffer is controlled 


by a single 
product 
term 
originating 
from 
the AND 


array. The output 
is enabled 
when the product 
term 


is a logical 
true. Conversely, 
the output 
appears 
as 


high impedance 
when the product 
term is a logical 


false as shown 
in Table 
1. In Mode 0, the Macrocell 


Flip-Flop 
is connected 
to its associated 
synchronous 


clock 
(either 
ClK1 
or ClK2 
depending 
upon 
the 


Macrocell's 
location 
within 
the 
device). 
Thus, 
the 


Macrocell 
Flip-Flop 
may be clocked 
by its respective 


synchronous 
clock 
but its output 
will 
not 
become 


valid until the output 
is enabled. 


Product Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 
1, the Output 
Buffer 
is always 
enabled. 
In 


addition, 
the Macrocell 
Flip-Flop 
is connected 
to the 


AND array. The Macrocell 
Flip-Flop 
may now be trig- 


gered from an asynchronous 
clock signal generated 


by the AND array logic to the OE/ClK 
multiplexable 
term. 
Mode 
1 allows the Macrocell 
Flip-Flops 
to be 
individually 
clocked 
from any of the available 
signals 


in the AND array. Since both true and complement 
values 
appear 
in the AND 
array, the Flip-Flop 
may 


be clocked 
by any positive- 
or negative-going 
signals 


at any input pin. Gated clock 
structures 
can be cre- 


ated since the Flip-Flop 
clock 
is created 
by a prod- 


uct term. 


The iPlD610 
contains 
a programmable 
bit, the Tur- 


bo Bit, that optimizes 
operation 
for speed or for pow- 
2 


er 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO 
= ON), the device 
is optimized 
for maxi- 


mum speed. When the Turbo Bit is not programmed 
(TURBO 
= OFF), the device 
is optimized 
for power 


savings 
by entering 
standby 
mode during periods 
of 


inactivity. 


Figure 
6 shows 
the device 
entering 
standby 
mode 


approximately 
100 ns after the last input transition. 


When 
the next input transition 
is detected, 
the de- 


vice returns 
to active 
mode. 
Wakeup 
time adds 
an 


additional 
25 ns to the 
propagation 
delay 
through 


the device 
as measured 
from the first input. No de- 


lay will occur if an output is dependent 
on more than 


one input and the last of the inputs changes 
after the 


device 
has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 


automatic 
standby 
mode is enabled. 
When the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 


SYNCHRONOUS 
CLOCK 


VCC 


SYNCHRONOUS 
CLOCK 


VCC 


FIRST t 
INPUT 
OR I/O 
_ 


LAST 


INPUT 
OR I/O 


STANDBY 
MODE 
IS8 
ACTIVE 
MODE 
Ice • 
Figure 6. iPLD610 
Standby 
and Active 
Mode Transitions 


The testability 
and reliability 
of EPROM-based 
pro- 
gnimmable 
logic 
devices 
is an 
important 
feature 
over 
similar 
devices 
based 
on 
fuse 
technology. 
Fuse-based 
programmable 
logic 
devices 
require 
a 
user 
to perform 
post-programming 
tests 
to 
insure 
proper 
programming. 
These 
tests 
must be done 
at 
the device 
level 
because 
of the cummulative 
error 
effect. 
For example, 
a board containing 
ten devices 
each possessing 
a 2% device 
fallout 
translates 
into 
an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 
ble logic devices 
is typically 
2% or higher). 


Prior to programming, 
the I/O structure 
is configured 
for combinatorial 
active 
low output 
with 
input 
(pin) 
feedback. 


Initially, 
all the EPROM 
control 
bits of the iPLD610 
are connected 
(in the "1" 
state). 
Each of the con- 
nected 
control 
bits are selectively 
disconnected 
by 
programming 
the EPROM 
cells into their "0" 
state. 
Programming 
voltage 
and waveform 
specifications 
are available 
by request 
from 
Intel to support 
pro- 
gramming 
of the iPLD610. 


Intelligent 
Programming 
Algorithm 


The iPLD610 
supports 
the 
Intelligent 
Programming 
Algorithm 
which 
rapidly 
programs 
Intel PLDs using 
an efficient 
and 
reliable 
method. 
This 
method 
en- 
sures 
reliability 
as the incremental 
program 
margin 
of 
each 
bit is continually 
monitored 
to 
determine 
when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
iPLD610 
is 
controlled 
by EPROM 
elements, 
the device 
is com- 
pletely 
testable. 
Each 
programmable 
EPROM 
bit 
controlling 
the internal 
logic is tested 
using applica- 
tion-independent 
test 
program 
patterns. 
After 
test- 
ing, the devices 
are erased 
before 
shipment 
to cus- 
tomers. 
No post-programming 
tests 
of the EPROM 
array are required. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 
range GND < (VIN or Your) < Vcc. 
Unused 
inputs 
and I/Os 
should be tied to Vcc 
or GND to minimize 
device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 
left floating 
(no connect) 
so that the pin can attain 
the appropriate 
logic 
level. A power 
supply 
decou- 


piing capacitor 
of at least 0.2 /LF must be connected 
directly 
between 
Vcc 
and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 
should be used with the iPLD610 to prevent 
damage 
to the 
device 
during 
programming, 
assembly, 
and 
test. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


All of the input, I/O, and clock pins of the iPLD610 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The iPLD610 is de- 
signed with Intel's proprietary CMOS II-E EPROM 
process. Thus, each of the pins will not experience 
latch-up with currents up to ± 100 mA and voltages 
ranging from -W 
to (VCC+ W). Furthermore, the 


programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


Third Party Support 


The iPLD610 is supported by third-party logic com- 
pilers such as ABEL*, CUPL*, PLDesigner*, Log/lC, 
etc. Programming support is provided by third-party 


programmer companies such as Data I/O, Logical 
Devices, STAG, etc. Please refer to the "Third-Party 
Support" lists in the Programmable 
Logic handbook 


for complete information and vendor contacts. 


Full logic compilation and functional simulation for 
the iPLD610 is supported by PLDshell Plus software. 


PLDshell Plus design software is Intel's user-friendly 
design tool for PLD design. PLDshell Plus allows us- 
er's to incorporate their prefered text editor, pro- 
gramming software, and additional design tools into 
a easy-to-use, menued design environment that in- 
cludes Intel's PLDasm logic compiler and simulation 
software along with disassembly, conversion, and 
translation utilities. The PLDasm compiler and simu- 
lator 
software 
accepts 
industry-standard 
PDS 


source files that express designs as Boolean equa- 
tions, truth tables, or state machines. On-line help, 
datasheet briefs, technical notes, and error mes- 
sage information, along with waveform viewing/ 
printing capability make the design task as easy as 
possible. PLDshell Plus software is available from 
Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing 
simulation for the iPLD610 are available. Please re- 
fer to the "Development Tools" section of the Pro- 
grammable Logic handbook. 


•ABEL is a trademark 
of Data 1/0 Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 


LogllC 
is a trademark 
of ISDATA. 
Corporation. 


The following 
ADF primitives 
are supported 
by this 
device: 


INP 
CONF 
COIF 
RONF 
RORF 
ROlF 
NORF 
NOJF 
NOSF 
NOTF 


JOJF 
JONF 
SONF 
SOSF 
TOIF 
TONF 
TOTF 
ClKS 


fCNTl 
(MHz) 
fCNT2 (MHz) 
tpD (n5) 
Order Code 
Package 
Operating 
Range 


74 
100 
10 
P PlD610-10 
PDIP 
Commercial 


N PlD610-10 
PlCC 
Commercial 


DPlD610-10 
'CerDIP 
Commercial 


50 
66 
15 
P PlD610-15 
PDIP 
Commercial 


N PlD610-15 
PlCC 
Commercial 


DPlD610-15 
'CerDIP 
Commercial 


TDPLD610-15 
'CerDIP 
Industrial 


TNPLD610-15 
PLCC 
Industrial 


40 
40 
25 
P PLD610-25 
PDIP 
Commercial 


N PLD61 0-25 
PLCC 
Commercial 


DPLD61 0-25 
'CerDIP 
Commercial 


•• 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tsta 
Storage Temperature 
-65 
+150 
'c 


tamb 
Ambient Temperature(3) -10 
+85 
'c 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V 
or overshoot to + 7.0V for periods 
less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Min 
Max 
Unit 


Vce 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


VIH(4) 
HIGH Level Input Voltage 
2.0 
Vce 
+ 0.3 
V 


VIL(4) 
LOW Level Input Voltage 
-0.3 
0.8 
V 


VOH 
HIGH Level Output Voltage 
2.4 
V 
10 = -4.0 
mA DC, VCC = Min. 


VOL(5) 
LOW Level Output Voltage 
0.45 
V 
10 = 12.0 mA DC, Vec = Min. 


II 
Input Leakage Current 
-10 
10 
/-LA 
Vcc = Max., GND < VIN < Vec 


loz 
Output 
Leakage Current 
-10 
10 
/-LA 
Vcc = Max., GND < VOUT < Vee 


l5d6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vce = Max., VOUT = 0.5V 


I5B(7) 
Standby 
Current 
20 
150 
/-LA 
Vcc 
= Max., 
VIN = VCC or GND, Standby 
Mode 


ICC 
Power Supply Current 
3 
8 
mA 
Vce = Max, VIN = Vce or 
(See Ice vs. Freq. Graph) 
GND, No Load, fiN = 1 MHz, 
Device Prog. as 16-Bit 
Counter, Turbo = Off 


65 
105 
mA 
Turbo = On, fiN = 1 MHz 


leel 
Industrial 
Temperature 
150 
mA 
Turbo = On, fiN = 1 MHz 
Power Supply Current 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Maximum DC IOLfor the device is 64 mA for CLK1 group I/O. 1-1/0.8 and 64 mA for CLK2 group 1/0.9-1/016. 
6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
7. In Non-Turbo Mode (TURBO = OFF), device enters standby mode approximately 75 ns after the last input transition. 
19Bis measured with the window covered (CerDIP). 


Sl 
CL 
Commercial 
Measured 
Specification 
Output 
Value 
R1 
R2 


tpD 
Closed 
1.5V 


tpzx 
Z - 
H:Open 
30 pF 
1.5V 


Z- 
L:Closed 
2000 
3300 


tpxz 
H-Z:Open 
5 pF 
H - 
Z: VOH - 
0.5V 
L- 
Z:Closed 
L-Z:VOL 
+ 0.5V • 


3.0=>(20 
~20 
.> TESTPOINTS< 
. 


_ 0.8 
. 
0.8 
OV 


1.~- 
TESTPOINTS-~ 


290455-14 
A.C. Testing: 
Inputs 
are Driven 
at 3.0V 
for a Logic 
"1" 
and OV for a Logic 
"0". 
Timing 
Measurements 
are made 
at 2.0V for a Logic 
"1" 
and 0.8V for a 
Logic 
"0" 
on inputs. 
Outputs 
are measured 
at a 1.5V point. 
Device 
input rise 
and fall times 
are less than 
3 ns. 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
5 
8 
pF 
VIN = OV, f = 1.0 MHz 


CIO 
I/OCapacitance 
6 
8 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
ClK 
Capacitance 
8 
10 
pF 
VIN = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin Capacitance 
10 
12 
pF 
Vpp on ClK2, 
f = 1.0 MHz 


NOTE: 
8. These 
values 
are evaluated 
during initial characterization 
and whenever 
design 
modifications 
occur that may affect 
capac- 


itance. 


intel~ 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(TA = O·G to +70·G, 
vcc 
= 5.0V 
±5%)(9) 


IPLD610-10 
IPLD610-15 
iPLD610-25 
Non- 
Symbol 
Parameter 
Turbo(10) 
Units 


Mln 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tpD1(11) 
Input to Output Valid 
10 
15 
25 
+25 
ns 


tPD2(11) 
I/O to Output Valid 
10 
15 
25 
+25 
ns 


tpZX(12) 
Input or I/O to 
15 
18 
25 
+25 
ns 
Output Enable 


tpXZ(12) 
Input or I/O to 
13 
18 
25 
+25 
ns 
Output Disable 


telR 
Input or I/O to 
13 
18 
25 
+25 
ns 
Asynch. Reset 


NOTES: 
9. Typical values are at TA = 25'C, Vcc = 5V, Active Mode. 
10. If device is operated in Non-Turbo Mode (TURBO = OFF), and the device is inactive for approx. 75 ns, increase time by 
amount shown. 
11. Measured with eight outputs sWitching.See tpD vs. Number of Outputs Switching graph. 
12. tpzx and tpxz are measured at ± 0.5V from steady state voltage as driven by spec. output load. 
13. Measured with device configured as a 16-bit counter. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
TA = O·G to 70·G, Vcc = 5.0V 
± 5%(9) 


IPLD61O-10 
IPLD610·15 
IPLD610·25 
Non- 
Symbol 
Parameter 
, 
Turbo(10) 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


fCNT1(13) Max. Counter Frequency 
74 
85 
50 
66 
40 
50 
MHz 
1/(tsu 
+ teo1)-Ext. 


Feedback 


fCNT2(13) Max. Counter Frequency 
100 
111 
66 
75 
40 
66 
MHz 
1/(teNT)-lnternal 
Feedback 


fMAX 
Max. Frequecy (Pipelined) 
111 
120 
83.3 
100 
66 
80 
MHz 
1/(tep)-No 
Feedback 


tsu 
Input or I/O Setup Time 
7 
12 
15 
+25 
ns 
toClK 


tH 
Input or I/O Hold Time 
0 
0 
0 
ns 
fromClK 


te01(13) 
ClK High to Output Valid 
6.5 
8 
10 
ns 


te02 
ClK High to Output Valid 
14 
20 
30 
+25 
ns 
Fed through Comb. 
Macrocell 


teNT(13) 
Macrocell Output 
10 
15 
25 
+25 
ns 
Feedback to Macrocell 
Input-Internal 
Path 


tel 
ClK low Time 
4 
5 
6 
ns 


teH 
ClK High Time 
4 
5 
6 
ns 


tep 
ClK Period 
9 
12 
15 
ns 


REGISTER 
MODE-ASYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 


TA = O·C to 70·C, Vcc 
= 5.0V ± 5%(9) 


IPLD610-10 
IPLD610-15 
IPLD610-25 
Non- 
Symbol 
Parameter 
Turbo(10) 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


fACNT1(13) Max. Counter Frequency 
71.4 
80 
50 
66 
33.3 
40 
MHz 


1/(tASU + tAC01)-Ext. 
Feedback 


fACNT2(13) Max. Counter Frequency 
100 
111 
66 
75 
40 
50 
MHz 
1/(tACNT)-lnternal 
Feedback 


fAMAX 
Max. Frequency (Pipelined) 
100 
111 
66 
75 
50 
66 
MHz 
1/(tACP)-No 
Feedback 


tASU 
Input or I/O Setup Time to 
2 
4 
5 
+25 
ns 
Asynch. CLK 


tAH 
Input or I/O Hold Time from 
3 
6 
8 
ns 
Asynch. CLK 


tAC01(13) 
Asynch. CLK High to 
12 
16 
25 
+25 
ns 
Output Valid 


tAC02 
Asynch. CLK High to 
20 
30 
45 
+25 
ns 
Output Valid Fed through 
Comb. Macrocell 


tACNT 
Macrocell Output 
10 
15 
25 
+25 
ns 
Feedback to Macrocell 
Input-Internal 
Path 


tACL 
Asynch. CLK Low Time 
4 
6 
7 
ns 


tACH 
Asynch. CLK High Time 
4 
6 
7 
ns 


tACP 
Asynch. CLK Period 
10 
15 
20 
ns 


INPUT 
OR I/o 
J 
-Ipo- 


CO~BINATORIAl 
OUTPUT 
-Ipxz- 


HIGH 
I~PEOANCE 


CONBINATORIAl 
OR 
3-STATE 


REGISTERED 
OUTPUT 


HIGH 
I~PEDANCE 
--Ipzx- 


3-STATE 


VALID 
OUTPUT 


--lclR 
- 


ASYNCHRONOUSLY 
VALID 
OUTPUT 
RESET 
OUTPUT 


290455-15 


• 


+4 ns 


Q. 


+3 ns 
,., 
t; 
2 
+2 ns 
a; 
0 
c~ 
+ 1 ns 


o ns 


140 


120 


'< 
100 


.5 
80 
u 
.9 
60 


40 


20 


0 
0 
20 
40 
60 
80 
100 


fO (tolHz) 
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PRELOAD 
INPUT 
PIN 


ANO 
PROGRAM/ 
FEEDBACK 


VERIFY 
CIRCUITS 


50 
~o 
30 


20 


10 


< 
~", 
Q., 
0 
_0 


(mAl 


500 
~oo 
300 


200 


CONDITIONS: 
TA = +80·C 
VCC = 4.75V 


It'LUtllU UUlPUl \,urrem 
In Relation 
to Voltage 


100 - -- 
>-- 


// 
\ 
\ 


lot. 
1\ IOH 


\ 
\ 


Internal 
power-up 
reset 
circuits 
ensure 
that 
all f1ip- 
flops 
will be reset to a logic 0 after the device 
has 
powered 
up. Because 
Vcc 
rise can vary significantly 


from 
one application 
to another, 
Vcc 
rise must be 
monotonic. 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset 
1000 ns Max. 


VON 
Turn-On 
Voltage 
4.75V 
• 
IPLD610 tpD vs No. of Outputs Switching 
.0.50 


. -0.50 
<~~ -1.00 
;:: 


-1.50 


1 2 
3 ~ 5 
6 
7 
8 
9 10 
12 
14 
16 


NU~BER or 1/05 
SWITCHING 


CONDITIONS: 
TA = 70·C, VCC = 4.75V, 
CL = 30 pF 
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iPLD910 
FAST 24-MACROCELL 
CMOS PLD 


Function, Pin, and JEDEC Compatible with 
EP900, EP910, EP910A, 85C090 and 5C090 


• tpD 12 ns, 62.5 MHz w/Feedback, 
Clock 
• Programmable 
Clock System 
with 2 
to Output 
8 ns 
Synchronous 
Clocks and Asynch- 
• lee = 150 mA Max 
@ 1 MHz 
ronous Clocking 
Option on all 


Macrocells 
• Programmable 
Low-Power 
Option for 
Extensive 
Software 
and Programming 
"Standby" 
Operation; 
60 tJ-ATyp. In 
• 
Standby 
Mode 
Support 
via Intel and Third-Party 
Tools 


• 24 Macrocells 
with Programmable 
I/O 
• 1-Mlcron 
CMOS IIIE* 
EPROM 


Architecture 
(Register IComblnatorlal). 
Technology 


Registers 
Configurable 
as D/T/JK/RS 
• Programmable 
Security 
Bit Allows Total 


Types 
Protection 
of Proprietary 
Designs 
• Up to 36 Inputs (12 Dedicated 
and 24 
• 100% Generically 
Tested 
Logic Array 


I/O) 
• Available 
in 40-Pin PDIP, CERDIP 
and 
• 8 P-terms, 
Selectable 
SOP Invert, Clear 
44-Pin PLCC Packages 
and OE P-terms 
for Each Macrocell 
(See Packaging Spec., Order Number 240800, Package 
Type Nand P) 


ClKl 
VCC 


INPl 
INP12 


INP2 
INP11 
~ff')N--~OU~::~-: 
OI1.Q..Q..~oua..a..Q..o 
INP3 
INP10 
~~~~u»~~~':::::- 


1/0.13 
1/0.1 
5 4 3 
2 


1/0.14 
1/0.2 
1/0.14 
NC 


1/0.15 
1/0.3 
1/0.15 
1/0.2 


1/0.16 
1/0.3 
1/0.16 
1/0.4 
1/0.17 
1/0.4 


1/0.17 
1/0.5 
1/0.18 
• 
1/0.5 


1/0.18 
1/0.6 
1/0.19 
IPLD91 0 
1/0.6 
1/0.20 
1/0.7 
1/0.19 
1/0.7 
1/0.21 
1/0.8 


1/0.20 
1/0.8 
1/0.22 
1/0.9 
1/0.21 
1/0.9 
1/0.23 
1/0.10 


1/0.22 
1/0.10 
NC 
1/0.11 


1/0.23 
1/0.11 


1/0.24 
1/0.12 


.•.•. LOCDOON,....COO)N 
NQ..a..Q..ZZ~Q..a...a..- 


INP4 
INP9 
..g,~~~C)"d~~~.g, 


INP5 
INP8 
290456-2 


INP6 
INP7 


GND 
ClK2 


290456-1 
Figure 1. IPLD910 
Pinout Diagrams 
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The iPLD910 is a high-performance, high-integra- 
tion, general-purpose CMOS PLD.The iPLD910 PLD 
(Programmable Logic Device) accommodates logic 
functions with up to 36 inputs and 24 I/O macro- 
cells. Each I/O macrocell includes 8 product-terms 


(p-terms) for input, a separate clear p-term, and an 
output enable/ asynchronous clock p-term. With a 
maximum external frequency of 62.5 MHz, the 
iPLD910 is well suited to high-performance micro- 
processor-based systems. The iPLD910 is pin- and 
function-compatible 
with 
the 
EP900, 
EP910, 


EP910A, 85C090 and 5C090. 


PROCRAlolWABlE 
1/0.1 


AND 
ARRAY 
7211240 


1/0.2 • 
1/0.3 


I/O." 


I/O.S 


1/0.6 


1/0.7 


1/0.8 


36 
TOTAL 
INPUT 
AND 
I/O 
PINS 


~ 
=1/0 
PINS 


I/o 
ARCHITECTURE 
cot<TROl 
(SEErle.") 


The 
iPLD910 
uses 
CMOS 
EPROM 
(floating 
gate) 
cells as logic control 
elements 
instead of fuses. The 
CMOS 
EPROM 
technology 
reduces 
power 
con- 
sumption 
without 
sacrificing 
speed. 
In addition, 
In- 
tel's advanced 
CMOS III-E EPROM process technol- 
ogy enables 
higher 
logic 
densities 
to be achieved 
with 
superior 
speed 
and 
low-power 
performance 
over other 
comparable 
devices. 
Intel's 
J-LPLDs add 
the benefits 
of "zero" 
stand-by 
power 
not available 
on other programmable 
logic devices. 
EPROM tech- 
nology 
allows 
these 
devices 
to 
be 
100% 
factory 
tested 
by programming 
and erasing 
all the EPROM 
logic control 
elements. 


The 
architecture 
of the 
iPLD910 
is based 
on the 
"Sum of Products" 
PLA (Programmable 
Logic Array) 
structure 
with 
a programmable 
AND 
array 
feeding 
into 
a fixed 
OR array. The 
device 
accommodates 
combinational 
and sequential 
logic functions. 
A pro- 
grammable 
I/O 
architecture 
provides 
individual 
se- 
lection 
of either 
combinatorial 
or registered 
output 
and feedback 
signals all with selectable 
polarity. 


A feature 
unique to the iPLD910 
is the ability to indi- 
vidually 
program 
the 
output 
registers 
as a D-, T-, 
SR-, or JK-type 
Flip-Flop 
without 
sacrificing 
the utili- 
zation of programmable 
AND logic. Each output reg- 
ister 
can 
be individually 
clocked 
from 
any 
of the 
input 
or feedback 
paths 
available 
within 
the 
AND 
array. 
With 
these 
features, 
a wide 
variety 
of logic 


functions 
can 
be simultaneously 
implemented-all 
on the same device. 


The iPLD910 
has 12 dedicated 
inputs, 
24 I/O 
pins 
that may be configured 
for input, output, 
or bidirec- 
tional 
operations, 
and 2 synchronous 
clock 
inputs. 


The iPLD91 0 is packaged 
in a 40-lead windowed 
ce- 
ramic 
DIP or OTP plastic 
or 44-lead 
OTP J-Ieaded 
chip carrier 
package. 


The basic Macrocell 
architecture 
for the iPLD910 
is 
shown 
in Figure 
3. The 
iPLD910 
has 24 of these 
macrocells 
(one for each I/O pin). The Macrocell 
is 
organized 
in the familiar 
sum-of-products 
structure 
with a programmable 
AND array attached 
to a fixed 
OR term. The inputs to the programmable 
AND ar- 
ray originate 
from the true and complement 
signals 
from 
each of the dedicated 
input pins and each of 
the I/O control 
blocks. 


The AND 
array for the iPLD910 
has 72 inputs 
de- 
rived from the true and complement 
signals 
at the 
input and I/O 
pins. The AND array 
in the iPLD910 
encompasses 
240 product 
terms which are distribut· 
ed among 
the 24 Macrocells. 
The global 
device 
ar- 


chitecture 
is shown 
in Figure 2. 


Each Macrocell 
contains 
ten product 
terms. Eight of 
the ten product 
terms (AND gates) are dedicated 
for 
SOP 
logic 
implementation. 
One 
product 
term 
on 
each 
Macrocell 
is used 
for 
RESET 
control 
to the 
output 
register 
associated 
with the 
Macrocell. 
The 
final 
product 
term 
is used 
for 
DE/Asynchronous 
Clock implementation. 


Within 
the AND array, there 
is an EPROM 
connec- 
tion at every intersection 
of an input signal (true and 
complement) 
and a product 
term to a given Macro- 
cell. 
Before 
programming 
an erased 
device, 
every 
EPROM 
connection 
is made 
at every 
intersection. 


But during the programming 
process, 
these connec- 
tions 
are opened 
so that only the desired 
connec- 
tions 
remain. 
Therefore, 
the true or complement 
of 
any input 
signal 
can be connected 
to any product 
term. 
If both the true and complement 
connections 
of any signal are left intact, a logical false results on 
the output of the AND gate. However, 
if both the true 
and complement 
connections 
are open, then a logic 


"don't 
care" 
results 
on the AND 
gate. 
Lastly, 
if all 
the inputs of a product 
term are programmed 
open, 
then a logical 
true results on the output 
of the AND 
gate. 


The iPLD910 
has two dedicated 
clock inputs to pro- 
vide synchronous 
clock signals to the internal 
regis- 
ters. Each of the clock signals controls 
half the total 
registers 
within the given device. For example, 
CLK1 
provides 
synchronous 
clocking 
to the 
registers 
in 
Macrocells 
in the 
left half of the array while 
CLK2 
controls 
the registers 
associated 
with Macrocells 
in 


the right half of the array. The advanced 
I/O 
archi- 


tecture 
allows for any number 
of the registers 
to be 
synchronously 
clocked 
(from 
none 
to all). Both 
of 


the dedicated 
clock inputs latch the data into a given 
register 
when triggered 
on a positive 
edge. 


MACROCELL 
ARCHITECTURE 
SELECTION 


The iPLD910 
architecture 
provides 
each 
Macrocell 
with over 50 different 
possible 
I/O 
register 
configu- 
rations. 
Each I/O pin can be configured 
for combina- 
torial or registered 
output 
(true or complement) 
with 
feedback. 
In addition, 
four different 
types 
of output 


registers 
can be implemented 
on I/O pin without 
any 
additional 
logic requirements. 
The feedback 
mecha- 
nism for each register 
back into the AND array can 
be programmed 
to provide for either registered 
feed- 
back from the Macrocell 
or input feedback 
(treating 


the pin as an input). 
Another 
advantage 
of the ad- 
vanced 
I/O capability 
of the iPLD910 
is the ability to 
individually 
clock 
each 
internal 
register 
from 
asyn- 
chronous 
clock 
signals. 


The Invert 
Select 
EPROM 
bit is used to invert 
the 
product 
term input into the register. 
This applies 
to 
all inputs including 
double 
inputs on the JK and SR 
registers. 


The advanced 
I/O 
architecture 
of the iPLD910 
al- 
lows four different 
register 
types 
along 
with combi- 
natorial 
output 
as illustrated 
in Figure 4a through 
e. 


The register types include aT, D, JK, or SR Flip-Flop 
and each 
Macrocell 
I/O 
structure 
may be indepen- 
dently 
configured. 
In addition, 
all registers 
have an 
individual 
asynchronous 
RESET control 
from a dedi- 
cated product 
term derived 
in the AND array. When 
this 
dedicated 
product 
term 
is a logical 
one, 
the 
Macrocell 
register 
is immediately 
cleared 
to a logical 
zero independent 
of the register 
clock. 
The RESET 
function 
oCcurs automatically 
on power-up. 


The four different 
register 
types 
shown 
in Figure 
4 


are described 
below. 


When either a D- or T-type 
Flip-Flop 
is configured 
as part of the I/O structure, 
all eight of the product 


terms 
into the Macrocell 
are ORed 
together 
and 
fed into the register 
input. 


When either a JK or SR register 
is configured, 
the 
eight 
product 
terms 
are shared 
among 
two 
OR 
gates 
(one for the J or S input and the other 
for 


the K or R input). The allocation 
for these product 
terms 
for each of the register 
inputs 
is optimized 
by the PLDshell 
Plus software. 


The Output Select Multiplexer 
allows for either regis- 


tered, combinatorial 
or no output. 


The 
Feedback 
Select 
Multiplexer 
EPROM 
bit en- 


ables registered, 
I/O 
(using the pin for bidirectional 


input or just input), or no feedback 
to the AND array. 


The Feedback 
Select 
is also important 
for building 
equations 
with 
more than 
8 product 
terms. 
The 
8- 


product 
equations 
of a Macrocell 
can be fed back 


• 


"1 ""''''''''''"y 
IIU UUIIJUI,trlU pin reeuoacK mrougn 
me 
appropriate 
multiplexers. 
than a-inputs). 
If the feedback 
product 
term is not to 
be used as an output, 
the associated 
Macrocell 
pin 
should be left floating 
(no connect) 
when assembled 
onto a circuit board. 


110 SELECTION 


OUTPUT/POLARITY 
FEEDBACK 


Combinatorial/High 


Combinatorial/Low 
None 


Pin, None 


Pin, None 
Pin (Input) 


110 SELECTION 


OUTPUTI 
POLARITY 


D-Register/High 


D-Register/Low 
None 


None 


D-Register, 
Pin, None 


D-Register, 
Pin, None 
D-Registered 
Pin (Input) 


FUNCTION 
TABLE 


DOn 
On+l 
o 
0 
0 
o 
1 
0 
1 
0 
1 
1 
1 
1 • 


110 SELECTION 


OUTPUT IPOLARITY 
FEEDBACK 


T-Register/High 
T-Register/Low 


None 
None 


T-Register, 
Pin. None 
T-Register, 
Pin, None 
T-Register 
Pin (Input) 


FUNCTION 
TABLE 


TOn 
On+1 
o 
0 
0 
o 
1 
1 
1 
0 
1 
1 
1 
0 


OUTPUT/POLARITY 


JK Register/High 
JK Register/Low 


None 
None 


FEEDBACK 


JK Register, 
None 


JK Register, 
None 


JK Register 
Pin (Input) 


FUNCTION 
TABLE 


J 
K 
an 
an + 1 
0 
0 
0 
0 
elK 
0 
0 
1 
1 
0 
1 
0 
0 
-------------- 
----------- 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 • 


1 
1 
0 
1 
1 
1 
1 
0 


N 


~ 


;< 


8-N 


~ 


;< 


AR 


INVERT 


SELECT 


------- 


SYNCHRONOUS 
CLOCK 


VCC 


OUTPUT/POLARITY 


SR Register/High 


SR Register/Low 


None 
None 


FEEDBACK 


SR Register, 
None 


SR Register, 
None 
SR Register 
Pin (Input) 


FUNCTION 
TABLE 


S 
R 
Qn 
Qn+ 
1 
o 
0 
0 
0 


o 
0 
1 
1 


o 
1 
0 
0 


o 
1 
1 
0 


1 
0 
0 
1 


1 
0 
1 
1 


1 
Illegal 


Two 
modes of 
operation 
are 
provided 
by the 
OE/ClK 
Select Multiplexer as a part of each Macro- 


cell. One mode provides for three-state buffering of 
outputs while in the other mode, the outputs are al- 
ways enabled. The operation of the OE/ClK 
Select 


Multiplexer sets the mode within a given Macrocell. 
Therefore, the output mode can be selected individ- 
ually on every output. Figure 5 illustrates the two 
modes of OE/ClK 
operation. 


In Mode 0, the three-state output buffer is controlled 
by a single product term originating from the AND 
array. The output is enabled when the product term 
is a logical true. Conversely, the output appears as 
high impedance when the product term is a logical 
false as shown in Table 1. In Mode 0, the Macrocell 
Flip-Flop is connected to its associated synchronous 
clock (either ClK1 
or ClK2 
depending upon the 


Macrocell's location within the device). Thus, the 
Macrocell Flip-Flop may be clocked by its respective 
synchronous clock but its output will not become 
valid until the output is enabled. 


SYNCHRONOUS 
CLOCK 


vcc 


Product 
Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 1, the Output Buffer is always enabled. In 
addition, the Macrocell Flip-Flop is connected to the 
AND array. The Macrocell Flip-Flop may now be trig- 
gered from an asynchronous clock signal generated 
by the AND array logic to the OE/ClK 
multiplexable 


term. Mode 1 allows the Macrocell Flip-Flops to be 
individually clocked from any of the available signals • 
in the AND array. Since both true and complement 
values appear in the AND array, the Flip-Flop may 
be clocked by positive-or negative-going signals at 
any input pin. Gated clock structures can be created 
since the Flip-Flop clock is created by a product 
term. 


MODE 0 


Figure 5. Output 
Enable/Clock 
Configuration 


SYNCHRONOUS 
CLOCK 


VCC 
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The iPLD910 
contains 
a programmable 
bit, the Tur- 


bo Bit, that optimizes 
operation 
for speed or for pow- 
er 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 


(TURBO 
= ON), the device 
is optimized 
for maxi- 


mum speed. When the Turbo Bit is not programmed 
(TURBO 
= OFF), the device 
is optimized 
for power 


savings 
by entering 
standby 
mode during periods 
of 


inactivity. 


Figure 
6 shows 
the device 
entering 
standby 
mode 


approximately 
75 ns after 
the 
last input 
transition. 


When 
the next input transition 
is detected, 
the de- 


vice returns 
to active 
mode. 
Wakeup 
time adds an 


additional 
40 ns to the 
propagation 
delay 
through 


the device 
as measured 
from the first input. No de- 


lay will occur if an output is dependent 
on more than 


one input and the last of the inputs changes 
after the 


device 
has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 


automatic 
standby 
mode is enabled. 
When 
the Tur- 


bo Bit is programmed 
(ON), the device 
never enters 


standby 
mode. 


FIRST t 
INPUT 
OR I/O 
_ 


LAST 


INPUT 


OR I/O 


STANDBY 
MODE 


'S8 
ACTIVE 
MODE 
Ice 


Prior to programming, 
the I/O structure 
is configured 
for combinatorial 
active 
low output 
with 
input 
(pin) 
feedback. 


Initially, 
all the EPROM 
control 
bits of the iPLD910 
are connected 
(in the "1" 
state). 
Each of the con- 
nected 
control 
bits are selectively 
disconnected 
by 
programming 
the EPROM 
cells into their "0" 
state. 
Programming 
voltage 
and waveform 
specifications 
are available 
by request 
from 
Intel to support 
pro- 
gramming 
of the iPLD910. 


Intelligent 
Programming 
Algorithm 


The iPLD910 
supports 
the Intelligent 
Programming 
Algorithm 
which 
rapidly 
programs 
Intel 
PLDs while 
ensuring 
programming 
reliability 
as the incremental 
program 
margin of each bit is continually 
monitored 
to determine 
when 
the 
bit has 
been 
successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
iPLD910 
is 
controlled 
by EPROM 
elements, 
the device 
is com- 
pletely 
testable. 
Each 
programmable 
EPROM 
bit 
controlling 
the internal 
logic is tested 
using applica- 
tion-independent 
test 
program 
patterns. 
After 
test- 
ing, the devices 
are erased 
before shipment 
to cus- 
tomers. 
No post-programming 
tests 
of the EPROM 
array are required. 


The testability 
and reliability 
of EPROM-based 
pro- 
grammable 
logic 
devices 
is an 
important 
feature 
over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 
user to 
perform 
post-programming 
tests 
to 
insure 
proper 
programming. 
These 
tests 
must b~ done 
at 


the device 
level because 
of the cummulative 
error 
effect. 
For example, 
a board containing 
ten devices 
each possessing 
a 2% device fallout 
translates 
into 
an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 
range GND < (VIN or VOUT) < Vcc. 
Unused 
inputs 


and I/Os 
should 
be tied to Vcc 
or GND to minimize 
device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 
left floating 
(no connect) 
so that the pin can attain 
the appropriate 
logic level. A power 
supply 
decou- 
piing capacitor 
of at least 0.2 fLF must be connected 
directly 
between 
Vcc 
and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 
should be used with the iPLD91 0 to prevent 
damage 
to the 
device 
during 
programming, 
assembly 
and 


test. 


• 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


All of the input, 1/0, and clock pins of the iPLD910 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The iPLD910 is de- 
signed with Intel's proprietary CMOS II-E EPROM 
process. Thus, each of the pins will not experience 
latch-up with currents up to ± 100 mA and voltages 
ranging from -1V 
to (VCC + 1V). Furthermore, the 
programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


Third Party Support 


The PLD910 is also supported by third-party logic 
compilers such as ABEL", CUPL", PLDesigner", 
Log/IC, 
etc. Programming support is provided by 


"ABEL 
is a trademark 
of Data 1/0 Corporation. 


CUPL is a trademark 
of Logical 
Devices, 
Inc. 


PLDesigner 
is a trademark 
of MINC, 
Inc. 


LogIIC 
is a trademark 
of ISDATA, 
Corporation. 


third-party programmer companies such as Data 
1/0, Logical Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 


Logic handbook for complete information and ven- 
dor contacts. 


Full logic compilation and functional simulation for 
the iPLD910 is supported by PLDshell Plus software. 


PLDshell Plus design software is Intel's user-friendly 
design tool for PLD design. PLDshell Plus allows us- 
er's to incorporate their preferred text editor, pro- 
gramming software, and additional design tools into 
a easy-to-use, menued design environment that in- 
cludes Intel's PLDasm logic compiler and simulation 
software along with disassembly, conversion, and 
translation utilities. The PLDasm compiler and simu- 
lator 
software 
accepts 
industry-standard 
PDS 


source files that express designs as Boolean equa- 
tions, truth tables, or state machines. On-line help, 
datasheet briefs, technical notes, and error mes- 
sage information, along with waveform viewingl 
printing capability make the design task as easy as 
possible. PLDshell Plus software is available from 
Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing 
simulation for the iPLD910 are available. Please re- 
fer to the "Development Tools" section of the Pro- 
grammable Logic handbook. 
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The following 
ADF primitives 
are supported 
by this 
device: 


INP 


CONF 


COIF 


RONF 


RORF 


ROlF 


NORF 


NOJF 


NOSF 


NOTF 


JOJF 


JONF 


SONF 


SOSF 


TOIF 


TONF 


TOTF 


CLKS 


fCNT1 
fMAX 
tpD 
Order 
Code 
Package 
Operating 
Range 
(MHz) 
(MHz) 
(n5) 


62.5 
100 
12 
P PLD910-12 
PDIP 
Commercial 


N PLD910-12 
PLCC 
Commercial 


DPLD910-12 
'CerDIP 
Commercial 


50 
83.3 
15 
P PLD910-15 
PDIP 
Commercial 


N PLD910-15 
PLCC 
Commercial 


DPLD910-15 
'CerDIP 
Commercial 


TDPLD910-15 
'CerDIP 
Industrial 


TDPLD910-15 
'PLCC 
Industrial 
33.3 
50 
25 
P PLD910-25 
PDIP 
Commercial 


N PLD91 0-25 
PLCC 
Commercial 


DPLD91 0-25 
'CerDIP 
Commercial 


Commercial: 
O"C to + 70"C 
Industrial: 
- 40"C to + 8S'C 


'Windowed 
package 
allows 
UV erase. 
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Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tstg 
Storage Temperature 
-65 
+150 
·C 


tamb 
Ambient Temperature(3) -10 
+85 
·C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the in- 


puts may undershoot to -2.0V 
or overshoot to +7.0V for 
periods less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also 
available. 


intelGP 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


RECOMMENDED 
OPERATING 
CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating Temperature 
0 
+70 
·C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vee + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vee = min. 


VOL(5) 
Low Level Output Voltage 
0.45 
V 
10 = 12.0 mA D.C., Vee = min. 


II 
Input Leakage Current 
-10 
+10 
/-LA 
Vee = max., GND < VIN < Vee 


loz 
Output Leakage Current 
-10 
+10 
/-LA 
Vee = max., GND < VOUT < Vee 


ISC<6) 
Output Short Circuit Current 
-30 
-120 
mA 
Vee = max., VOUT = 0.5V 


ISB(7) 
Standby Current 
60 
150 
/-LA 
Vee = max., VIN = Vee 
or GND, Standby Mode 


Ice 
Power Supply Current 
4 
12 
mA 
Vee = max., VIN = Vee or 


(See Ice vs. Freq. Graph) 
GND, No Load, fiN = 1 MHz, 
Device Prog. as Two 12-Bit 
Counters, Turbo = Off 


120 
150 
mA 
Turbo = On, fiN = 1 MHz 


leel 
Power Supply Current 
180 
mA 
Turbo = On, fiN = 1 MHz 
Industrial Temperature 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5. Maximum DC tOl for the device is 96 mA for CLK1 group 1/0.1-1/0.12 and 96 mA for CLK2 group 1/0.13-1/0.24. 
6. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
7. In Non-Turbo Mode (TURBO = OFF), device enters standby mode approximately 75 ns after the last input transition. 


3'0"J20> 
INPUT 
0 
0:8 
TEST POINTS 


OUTPUT 3--TEST POINTS --- 
~ 


290456-14 
A.C. Testing: Inputs are driven at3.0V for a Logic "1" and OVfor 
a Logic "0". Timing Measurements are made at 2.0V for a Logic 
"1" and 0.8V for a Logic "0" on inputs. Outputs are measured at 
a 1.5V point. Device input rise and fall times are less than 3 ns. 


Specification 
Sl 
CL 
Commercial 
Measured 


Rl 
R2 
Output Value 


tpD 
Closed 
1.5V 


tpzx 
Z -+ H:Open 
30 pF 
1.5V 
Z -+ l: Closed 
200.0 
330.0 


tpxz 
H -+ Z:Open 
5 pF 
H -+ Z:VOH 
- 
0.5V 
l -+ Z: Closed 
l 
~ 
Z:VOL 
+ 0.5V 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV. f = 1.0 MHz 
5 
8 
pF 


CIO 
I/O Capacitance 
VOUT = OV. f = 1.0 MHz 
6 
8 
pF 


CCLK 
ClK 
Capacitance 
VOUT = OV, f = 1.0 MHz 
8 
10 
pF 


Cvpp 
Vpp Pin Capacitance 
Vpp on ClK2. 
f = 1.0 MHz 
10 
12 
pF 


NOTES: 
8. These values are evaluated at initial characterization and whenever design modifications occur that may affect capaci- 
tance. 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
TA = O·C to + 70·C, Vcc 
= 5.0V ± 5%(9) 


IPLD910-12 
iPLD910-15 
IPLD910-25 
Non-(10) 
Symbol 
Parameter 
Turbo 
Unit 
Mln 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


tpD(ll) 
Input or I/O to 
12 
15 
25 
+40 
ns 
Output Valid w/ 8 
Outputs Switching 


tpZX(12) 
Input or I/O to 
15 
18 
28 
+40 
ns 
Output Enable 


• 
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COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(Continued) 
TA = O·C to + 70·C, Vee = 5.0V 
± 5%(9) 


IPLD910-12 
IPLD910·15 
IPLD910·25 
Non-(10l 
Symbol 
Parameter 
Turbo 
Unit 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tpXZ(12) 
Input or I/O to 
15 
18 
28 
+40 
ns 
Output 
Disable 


telR 
Input or I/O to 
15 
18 
28 
+40 
ns 
Asynch. 
Reset 


NOTES: 
9. Typical values are at TA = 25°e, Vcc = 5V, Active Mode. 
10. If device is operated in Non-Turbo Mode (TURBO = OFF) and the device is inactive for approx. 75 ns, increase time by 
amount shown. 
11. Measured with eight outputs switching. See tPDvs. Number of Outputs Switching graph. 
12. tpzx and tpxz are measured at ± 0.5V from steady state voltage as driven by spec. output load. 


REGISTER 
MODE-SYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
TA = o·C to 70·C, Vee = 5.0V 
±5%(9) 


IPLD910-12 
IPLD910-15 
IPLD910-25 
Non-(10l 
Symbol 
Parameter 
Turbo 
Units 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


fCNT1(13) 
Max. Counter 
62.5 
75 
50 
66 
33 
40 
MHz 
Frequency 
1/(tsu 
+ tcol-Ext. 


Feedback 


fCNT2(13) 
Max. Counter 
76.9 
85 
66.6 
75 
40 
50 
MHz 
Frequency 
1/(tCNTl-lnternal 
Feedback 


fMAX 
Max. Frequency 
100 
110 
83.3 
100 
50 
66 
MHz 
(Pipelinedl 1/(tewl- 
No Feedback 


tsu 
Input or I/O Setup 
8 
11 
16 
+40 
ns 
Time to ClK 


tH 
Input or I/O Hold 
0 
0 
0 
ns 
Time from ClK 


te01(13) 
elK 
High to Output 
8 
9 
14 
ns 
Valid 


teo2 
ClK High to Output 
17 
20 
30 
+40 
ns 
Valid Fed Through 
Comb. Macroceli 


teNT(13) 
Macroceli Output 
13 
15 
25 
+40 
ns 
Feedback to 
Macrocelilnput- 
Internal Path 


tel 
ClKlowTime 
4 
5 
8 
ns 


teH 
ClK High Time 
4 
5 
8 
ns 


tep 
ClK Period 
10 
12 
20 
ns 


NOTE: 
13. Measured with device configured as 24-bit counter. 
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REGISTER 
MODE-ASYNCHRONOUS 
CLOCK A.C. CHARACTERISTICS 
TA = O·C to 70·C, Vcc = 5.0V ± 5%(9) 


IPLD910·12 
IPLD910-15 
IPLD910·25 
Non-(10) 


Symbol 
Parameter 
Turbo 
Units 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


fACNT1(13) 
Max. Counter 
52.6 
70 
45.4 
60 
27.7 
40 
MHz 
Frequency 
1/(tASU + tACO)- 
Ext. Feedback 


fACNT2(13) 
Max. Counter 
76.9 
85 
66.6 
80 
40 
50 
MHz 
Frequency 
1/(tACNT)- 
Internal Feedback 


fAMAX 
Max. Frequency 
83.3 
90 
66.6 
80 
40 
50 
MHz 
(Pipelined) 
1/(tACW)-No 
Feedback 


tASU 
Input or I/O Setup 
3 
4 
8 
+40 
ns 
to Asynch. ClK 


tAH 
Input or I/O Hold 
6 
7 
8 
ns 
from Asynch. ClK 


tACOl 
Asynch. ClK High 
16 
18 
28 
+40 
ns 
to Output Valid 


tAC02 
Asynch. ClK High 
26 
29 
44 
+40 
ns 
to Output Valid Fed 
Through Comb. 
Macrocell 


tACNT(13) 
Macrocell Output 
13 
15 
25 
+40 
ns 
Feedback to 
Macrocellinput- 
Internal Path 


tACl 
Asynch. ClK low 
5 
6 
10 
ns 
Time 


tACH 
Asynch. ClK High 
5 
6 
10 
ns 
Time 


tACP 
Asynch. ClK 
12 
15 
25 
ns 
Period 


• 


(fROM 
REGISTER 
CLOCK 
THROUGH 
ADDITIONAL 
COMBINATORIAL 
OUTPUT) 


(FROM REGISTER CLOCK 
THROUGH ADDiTIONAL 
COMBINATORIAL 
OUTPUT) 


iPLD910 
lee vs Frequency 
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Input/Output 
Equivalent 
Schematics 
vcc 


iPLD910 
Output Current 
in Relation 
to Voltage 
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50 
40 


30 


20 
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;; 
3 
!:-~ 
2 
0 


_0 


(mA) 


500 
400 


300 


200 


CONDITIONS: 
TA = +70'C 
Vcc 
= 4.75V 


- 
-. ~ 
~ 
./ 
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/ 
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10L 
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10H 
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\ 


Vo Output 
Voltage 
(V) 


290456-22 


PRELOAD 
AND PROGRAtol/ 
VERIFY 
CIRCUITS 
290456-21 


Internal 
power-up 
reset 
circuits 
ensure 
that 
all f1ip- 


flops will be reset to a logic 0 after the device 
has 
powered-up. 
Because 
Vcc rise can vary significantly 
from 
one application 
to another, 
Vcc 
rise must 
be 
monotonic. 


POWER-UP 
RESET 
CHARACTERISTICS 


Symbol 
Parameter 
Value 


tpR 
Power-Up 
Reset Time 
1000 ns Max. 


VON 
Turn-On 
Voltage 
4.75V 


POWER~VON 
(vce) 


REGISTERED~ 
OUTPUT 
''_ 
_ 


~ 


su 


CLOCK 
toliN. 


tel 


290456-23 


+1.50 


+ 1.00 


+0.50 


0.00 
~ 
oS 
-0.50 
.... 
:2~ 
-1.00 


-1.50 


-2.00 


CONDITIONS: 
TA = 70'C, Vcc = 4.75V, Spec. Load 


Description 
Specification 


8JA-Junction-to-Ambient 
Thermal 
Resistance 
44.5°C/W-CerDIP 
51°C/W-PDIP 
55°C/W-PLCC 


8Jc-Junction-to-Case 
Thermal 
Resistance 
1rC/W-CerDIP 
29°C/W-PDIP 
16°C/W-PLCC 


Icc Hot-Ambient 
@70°C 
125 mA 


Icc Typical-Ambient 
@25°C 
125 mA 


Process 
CMOS HIE, PX 29.5 
• 


5AC312 
1-MICRON CMOS 12-MACROCELL PLD 
• High-Performance 
LSI Semi-Custom 
• Programmable 
Output 
Registers 
Logic Alternative 
for Low-End 
Gate 
Configurable 
as D, T, JK, or SR Types 
Arrays, TTL, and 74HC- or 74HCT SSI 
• Dual Feedback 
on All Macrocells 
for 
and MSI Logic, and PLDs 
Implementing 
Buried Registers 
with 
• High Speed tpD 25 ns, 66 MHz 
Bidirectional 
I/O 
Performance 
Pipelined, 
33.3 MHz 
• 2 P-Terms 
on All Macrocell 
Control 
w/Feedback 
Signals 
• 12 Macrocells 
with Programmable 
I/O 
• Programmable 
Low-Power 
Option for 
Architecture; 
Up To 22 Inputs (10 
Standby 
Operation; 
100 p,A Typical 
Dedicated, 
12 I/O) 
Standby 
Current 
• 8 Programmable 
Inputs Configurable 
as 
• UV Erasable 
(CerDIP) 
EPROM 
Latches, 
Registers, 
or Flow-Through 
Technology 
or OTP 
• Flow-Through 
Input or Global CLK Pin; 
• 100% Generically 
Tested 
EPROM 
Logic 
1 Flow-Through 
Input or GloballLE/ 
Control 
Array 
ICLK Pin 
Programmable 
Security 
Bit Allows 
Programmable 
AND, Allocatable 
OR 
• 
• 
100% Protection 
of Proprietary 
Designs 
Design Allows up to 16 P-Terms 
per 
• Available 
in 24-Pin 300-mil CerDIP/PDIP 
Macrocell 
and 28-Pin PLCC Packages 
• Software-Supported 
P-Term Allocation 
(See Packaging Spec., Order Number 240800, Package Type 
Between 
Adjacent 
Macrocells 
D, P and N) 
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The Intel 5AC312 CMOS PLD (Programmable Logic 
Device) represents an innovative approach to over- 
coming the primary limitations of standard PLDs. 
Due to a proprietary I/O architecture and macrocell 
structure, the 5AC312 is capable of implementing 
high performance logic functions more effectively 
than previously possible. It can be used as an alter- 
native to low-end gate arrays, multiple programma- 
ble logic devices or LS-, HC- or HCT SSI and MSI 
logic devices. Input and macrocell features for the 
5AC312 are a superset of features offered by other 
PLD-type products. 


The 5AC312 uses advanced CMOS EPROM cells as 
logic control elements instead of poly-silicon fuses. 
This technology allows the 5AC312 to operate at 
levels necessary in high performance systems while 
significantly reducing the power consumption. Its 
programmable stand-by function 
reduces power 


consumption to almost "zero" in applications where 
a slight speed loss is traded for power savings. 


The architecture of the 5AC312 is based on the fa- 
miliar "Sum-Of-Products" programmable AND, fixed 
OR structure, though the 5AC312 macrocell con- 
tains a number of significant functional enhance- 
ments. This device can implement both combina- 
tional 
and 
sequential 
logic 
functions 
through 


a highly flexible macrocell and I/O structure. The 
5AC312 has been designed to effectively implement 
both combinational-register and register-combina- 
tional-register forms of logic to easily accommodate 
state machine designs. 


Figure 2 shows a global view of the 5AC312 archi- 
tecture. The 5AC312 contains a total of 12 I/O mac- 
rocells, 8 user-programmable input structures, and 2 
additional inputs that can be programmed to serve 
as either combinatorial inputs or clock inputs. Each 
of the eight inputs can be individually configured as 
a latch, register, or flow-through input. Input latches/ 
registers can be synchronously or asynchronously 
clocked. 


Each macrocell is further sub-divided into 16 Prod- • 
uct Terms with 8 Product Terms dedicated to the 
control signals DE, PRESET, ASYNCH. CLK and 
CLEAR, and 8 Product Terms available for the gen- 
eral data array (see Figure 3). 


The basic macrocell architecture of the 5AC312 in- 
cludes a user-programmable AND array and a user- 
configurable OR array. The inputs to the program- 
mable AND array originate from the true and com- 
plement signals from the programmable input struc- 
ture, the dedicated inputs, and the 24 feedback 
paths from the 12 I/O macrocells. 


Figure 4 shows a block diagram of the 5AC312 input 
architecture. This device contains 8 user-program- 
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P-TERlA 
FROlA LOGIC 
ARRAY 


SYNCH./ 
ASYNCH. 
SELECT 


NOTE: 
Software 
implements 
a direct 
(flow-through) 
input by selecting 
an asynchronous 
latch and tying its control 
P-term 
to Vcc. 


mabie input structures that can be individually con- 
figured to work in one of five modes: 


• Input register (O-register), synchronous operation 
• Input register (O-register), asynchronous opera- 


tion 


• Input latch (O-Iatch), synchronous operation 
• Input latch (O-Iatch), asynchronous operation 
• Flow-through input 


The configuration is accomplished through the pro- 
gramming of EPROM architecture control bits by 


the logic compiler and programmer software. If syn- 
chronous operation is chosen, the ILE/ICLK/INP 
becomes an ILE/ICLK (Input Latch Enable) input 
global to all input latch/register structures. For asyn- 
chronous operation, ILE/ICLK/INP can be used as a 
normal input (flow-through input) to the device while 
a separate Product Term in the control array is used 
to derive an input clock signal for the input structure. 
Because the clock signal for each input structure 
can be individually selected, a mix between synchro- 
nously and asynchronously clocked input structures 
is also possible. 


intel~ 


Each of 12 macrocells in the 5AC312 contains 8 
p-terms (Product Terms) to support logic functions. 
These 8 p-terms are subdivided into 2 groups each 
containing 4 p-terms. This grouping of p-terms sup- 
ports the proprietary p-term allocation scheme. 


Each macrocell can be configured as a D, T, RS, or 
JK register. The 8 p-terms for control functions are 
organized so that 2 p-terms support each of the four 
control signals. Control signals in the 5AC312 are: 
Output Enable (OE), asynchronous I/O register pre- 
set (PRESET), asynchronous clock for I/O registers 
(ASYNCH. ClK), and asynchronous I/O register re- 
set (CLEAR).Availability of 2 p-terms per control sig- 
nal is another feature that increases the efficiency of 
the device by reducing the need to use intermediate 
macrocells sometimes needed to implement control 
functions. 


ClK 
is a global clock signal that can be used to 
synchronously clock any or all macrocell registers. It 
can be used as an input to the logic array at the 
same time as a macrocell clock. When ClK is not 
used as a synchronous clock, it functions only as a 
dedicated input to the logic array. 


Combinatorial 
Configuration 


The macrocell register can be bypassed to imple- 
ment combinatorial logic functions. When configured 
to provide combinatorial logic, only the OE control 
signal is used. 


An invert select EPROM bit is used to invert the 
product term input into each macrocell register, in- 
cluding double inputs on JK and SR registers. This 
invert option allows the highest possible logic utiliza- 
tion by use of DeMorgan's logic inversion. 


Each intersecting point in the logic array contains a 
programmable EPROM connection. Initially (erased 
state), all connections are complete, i.e., both true 
and complement states of all signals are connected 
to each p-term. 


Connections are opened during programming. When 
both the true and complement connections exist, a 
logical false results on the output of the AND gate. If 
both the true and complement connections of a sig- 
nal are programmed "open", 
then a logic "don't 
care" results for that signal. If all connections for a 
p-term are programmed open, then a logical true re- 
sults on the output of the AND gate. 


Product Term allocation is defined as taking logic 
resources (p-terms) away from macrocells where 
they are not used to support demand for more than 
8 Product Terms in other areas of the chip. In the 
5AC312, this allocation can occur in increments of 4 
p-terms between adjacent macrocells. 


The 12 macrocells available in the 5AC312 are 
grouped into two "rings" with 6 macrocells per ring. 
Product Terms can be allocated in a "shift register" 
mode inside a ring; allocation of Product Terms be- 
tween the rings is not supported. The two rings are 
shown in Figure 2 and listed in Table 1. 


Example: 


The 
logic function 
in macrocell 
4 
requires 
16 
p-terms. In this case, the iPlS II software allocates 4 
p-terms from the previous macrocell in Ring 1 (mac- 
rocell 3) and 4 p-terms from the next macrocell in 
Ring 1 (macrocell 5) to accumulate a total of 16 
p-terms (8 + 4 + 4). This implementation leaves 
macrocells 3 and 5 with a remainder of 4 p-terms 
each. These remaining p-terms in macrocells 3 and 
5 can also be allocated away to or can be supple- 
mented with p-terms from their respective previous/ 
next macrocells in Ring 1. 


Applying this scheme to the 5AC312 it becomes 
clear that any macrocell inside the device can sup- 
port logic functions requiring between 0 and 16 
Product Terms. Product Terms allocated away from 
a macrocell do not affect that macrocell's output 
structure. If all Product Terms are allocated "away" 
from a macrocell, the input to that macrocell's I/O 
control block is tied to GND. This polarity can be 
changed by programming the invert select EPROM 
bit. The I/O register as well as all secondary controls 
to this I/O control block are still available and can be 
used if needed. 


• 


The Product Term allocation scheme described 
above is automatically supported by iPLS II V2.0 and 
is transparent to the user. Users can still use explicit 
pin assignments, but should assign pins in a way 
that does not conflict with p-term allocation. Soft- 
ware support allows the control signals on macro- 
cells to be used to implement simple logic functions 
even when all the input p-terms have been allocated 
to adjacent macrocells. 


Ring 1 
Ring 2 


Current 
Next 
Previous 
Current 
Next 
Previous 


Macro- 
Macro- 
Macro- 
Macro- 
Macro- 
Macro- 


cell 
cell 
cell 
cell 
cell 
cell 


1 
2 
6 
7 
8 
12 
2 
3 
1 
8 
9 
7 
3 
4 
2 
9 
10 
8 


4 
5 
3 
10 
11 
9 
5 
6 
4 
11 
12 
10 


6 
1 
5 
12 
7 
11 


P-TERWS 
ALLOCATED 
TO 
W,ACROCEll 
fl. 
(NEXT 
•••.•.CROCELL 
IN RING) 


UPPER HALF 
P- TERWS ALLOCATED TO 
P-TERWS 5-8 
•.•ACROCElL,I. 
(PREVIOUS 
WACROCELL 
IN RING) 


Macrocell output can be fed back to the logic array 
on either one of the two feedback paths. If the pin 
feedback is used (connected after the output buffer), 
bidirectional I/O can be implemented. If the internal 
feedback path is used to implement a buried register 
or buried logic function, the pin feedback is still avail- 
able for use as an input. The availability of dual feed- 
backs on the 5AC312 enhances resource efficiency 
over single feedback devices. 


The 5AC312 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. When the Turbo Bit is programmed (TUR- 
BO = ON), the device is optimized for maximum 
speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


FIRST 
INPUT 
OR I/O 
_ 


approximately 100 ns after the last input or I/O tran- 
sition. When the next input or I/O transition is de- 
tected, the device returns to active mode. Wakeup 
time adds an additional 20 ns to the propagation 
delay through the device as measured from the first 
transition. No delay will occur if an output is depen- 
dent on more than one input and the last of the in- 
puts changes after the device has returned to active 
mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


Macrocell registers of the 5AC312 experience a re- 
set to their inactive state (logic low) upon VCCpow- 
er-up. Using the PRESET function available to each 
macrocell, any particular register preset can be 
achieved after power-up. 5AC312 inputs and outputs 
begin responding within 10 !Jos(6 !JoStypical) after 
Vcc power-up or after a power-Ioss/power-up se- 
quence. Input registers are not reset on power-up 
and are indeterminate. Input latches reflect the state 
of the input pins on power-up. 


LAST 
INPUT 
OR I/O 


ACTIVE MODE 
Ice 


• 


After 
erasure 
and prior to programming, 
all macro- 
cells 
are configured 
as combinatorial, 
inverted 
out- 
puts with output buffers three-stated. 
Inputs are con- 
figured 
as synchronous 
registers. 


Erasure 
time 
for 
the 
5AC312 
is 1 hour 
at 
12,000 IJ-W/cm2 with a 2537A 
UV lamp. 


Erasure 
characteristics 
of the device 
are such that 
erasure 
begins to occur 
upon exposure 
to light with 
wavelengths 
shorter 
than 
approximately 
4000A. 
It 
should 
be noted 
that 
sunlight 
and certain 
types 
of 
fluorescent 
lamps have wavelengths 
in the 3000A- 
4000A range. Data shows that constant 
exposure 
to 
room 
level fluorescent 
lighting 
could erase the typi- 
cal5AC312 
in approximately 
six years, while it would 
take 
approximately 
two weeks 
to erase 
the device 
when 
exposed 
to direct 
sunlight. 
If the device 
is to 
be exposed 
to these lighting conditions 
for extended 
periods 
of time, conductive 
opaque 
labels should be 
placed 
over the device 
window 
to prevent 
uninten- 
tional erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
5AC312 
is exposure 
to shortwave 
ultraviolet 
light 
with 
a wavelength 
of 2537 A. The 
integrated 
dose 
(Le., 
UV 
intensity 
x 
exposure 
time) 
for 
erasure 
should 
be a minimum 
of forty (40) Wsec/cm2. 
The 
erasure 
time 
with 
this 
dosage 
is approximately 
1 
hour 
using 
an 
ultraviolet 
lamp 
with 
a 
12,000 IJ-W/cm2 power rating. The device should be 
placed 
within 
1 inch of the lamp tubes during expo- 
sure. 
The 
maximum 
integrated 
dose 
the 
5AC312 
can 
be 
exposed 
to 
without 
damage 
is 
7258 Wsec/cm2 
(1 week at 12,000 IJ-W/cm2). Expo- 
sure to high intensity 
UV light for longer periods 
may 
cause permanent 
damage 
to the device. 


Intelligent 
Programming 
Algorithm 


The 
5AC312 
supports 
the 
Intelligent 
Programming 
algorithm 
which 
rapidly 
programs 
Intel PLDs, while 
maintaining 
a high degree 
of reliability. 
This method 
e~sures 
reliability 
as the incremental 
program 
mar- 
gin of each bit has been verified 
in the programming 
process. 
(Programming 
information 
for the 5AC312 
is available 
from Intel by request.) 


A Security 
Bit provides 
a programmable 
security 
op- 
tion to protect 
the data programmed 
in the device. 


Once this bit is set during programming, 
subsequent 
attempts 
to read the device architecture 
information 
are prevented. 
This 
method 
provides 
a higher 
de- 
gree 
of 
design 
security 
than 
fuse-based 
devices 
since programmed 
EPROM 
cells are invisible 
eve~ 
to microscopic 
examination. 
The 
Security 
Bit (also 
called the Verify Protect 
Bit), along with all the other 
EPROM 
cells, is reset by erasing 
the device. 


All of the 
input, 
1/0, 
and clock 
pins of the device 
have been designed 
to resist latch-up which is inher- 
ent in inferior 
CMOS 
structures. 
The 5AC312 
is de- 
signed 
with 
Intel's 
proprietary 
1-micron 
CMOS 
EPROM 
process. 
Thus, each of the pins will not ex- 
perience 
latch-up 
with currents 
up to ± 100 mA and 
voltages 
ranging from 
-0.5V 
to (Vcc + 0.5V). The 
programming 
pin is designed 
to resist latch-up 
to the 
13.5 maximum 
device 
limit. 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 
range 
(GND 
< (VIN or VOUT) < VCC. All unused 
inputs 
and II0s 
should 
be tied to Vcc 
or GND to 
minimize 
power 
consumption 
(do 
not 
leave 
them 
floating). 
A power 
supply decoupling 
capacitor 
of at 
least 
0.2 IJ-F must 
be connected 
directly 
between 
each Vcc 
and GND pin. 


As with all CMOS devices, 
ESD handling 
procedures 
should be used with the 5AC312 
to prevent 
damage 
to the 
device 
during 
programming, 
assembly, 
and 
test. 


Since 
the 
logical 
operation 
of the 
5AC312 
is con- 
trolled 
by EPROM elements, 
the device is complete- 
ly testable 
during 
the manufacturing 
process. 
Each 
programmable 
EPROM 
bit controlling 
the 
internal 
logic 
is tested 
using 
application-independent 
test 
patterns. 
EPROM 
cells 
in the 
5AC312 
are 
100% 
test~d for programming 
and erase. After testing, 
the 
deVices are erased before shipments 
to the custom- 
ers. No post-programming 
tests of the EPROM array 
are required. 
. 


The testability 
and reliability 
of EPROM-based 
pro- 
grammable 
logic devices are important 
features 
over 
similar 
devices 
based 
on 
fuse 
technology. 
Fuse- 
based programmable 
logic devices 
require a user to 
perform 
post-programming 
tests 
to 
insure 
device 
functionality. 
During 
the 
manufacturing 
process, 
tests 
on these 
parts can only be performed 
in very 
restricted 
manners 
to prevent 
pre-programming 
of 
the array. 


Full logic 
compilation 
and functional 
simulation 
for 
the SAC312 is supported 
by PLDshell 
Plus software. 
The GUPI 
Logic-liD 
provides 
programming 
support 
on Intel programmers. 


PLDshell 
Plus design software 
is Intel's user-friendly 
design 
tool for IJ-PLD design. 
PLDshell 
Plus allows 
users to incorporate 
their preferred 
text editor, 
pro- 
gramming 
software, 
and additional 
design tools 
into 
a easy-to-use, 
menued 
design 
environment 
that in- 
cludes 
Intel's 
PLDasm 
logic compiler 
and simulation 
software 
along 
with 
disassembly, 
conversion 
and 
translation 
utilities. The PLDasm 
compiler 
and simu- 
lator 
software 
accepts 
industry-standard 
PDS 
source 
files that express 
designs 
as Boolean 
equa- 
tions, truth 
tables, 
or state 
machines. 
On-line 
help, 
datasheet 
briefs, 
technical 
notes, 
and 
error 
mes- 
sage 
information, 
along 
with 
waveform 
viewing/ 
printing 
capability 
make the design 
task as easy as 
possible. 
PLDshell 
Plus software 
is available 
from 
Intel 
Literature 
channels 
or from 
your 
local 
Intel 
sales representative. 


Tools 
that 
support 
schematic 
capture 
and 
timing 
simulation 
for the SAC312 are available. 
Please refer 
to the "Development 
Tools" 
section 
of the Program- 
mable Logic handbook. 


The 
SAC312 
is also 
supported 
by third-party 
logic 
compilers 
such 
as 
ABEL', 
CUPL', 
PLDesigner', 


Log/IC', 
etc. 
Programming 
support 
is provided 
by 
third-party 
programmer 
companies 
such 
as 
Data 
I/O, Logical 
Devices, 
STAG, etc. Please refer to the 
"Third-Party 
Support" 
lists 
in 
the 
Programmable 
Logic 
handbook 
for complete 
information 
and ven- 
dor contacts. 


tpD teo 
fMAX 
Order 
Package 
Operating 
(n8) (n8) (MHz) 
Code 
Range 


25 
15 
66 
D5AC312-25 
tCERDIP 
Commercial 


P5AC312-25 
PDIP 


N5AC312-25 
PLCC 


30 
18 
50 
D5AC312-30 
tCERDIP 
Commercial 


P5AC312-30 
PDIP 


N5AC312-30 
PLCC 


30 
18 
50 
TN5AC312-30 
PLCC 
Industrial 


'ABEL is a trademark of Data I/O, Corporation. CUPL is a trademark of Logical Devices, Inc. PLDesigner is a trademark of 
MINC, Inc. Logic/IC is a trademark of ISDATA, Inc. 


• 


Supply Voltage 
(VcC> (1) 
-2.0V 
to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp) (1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(V1)(1,2) 
-O.5V 
to Vcc + O.5V 


Storage Temperature 
(Tstg) 
- 65'C to + 150'C 


Ambient 
Temperature 
(Tamb) (3) .. -1 O'C to + 85'C 
NOTES: 
1. Voltages with respect to GND. 
2. Minimum D.C. input is -0.5V. During transitions, the inputs may undershoot to -2.0V or overshoot to +7V for periods of 
less than 20 ns under no load conditions. 
3. Under bias. Extended temperature range versions are available. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
Vcc 
V 


TA 
Operating Temperature 
0 
+70 
'C 


tR 
Input Rise TIme 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(5) 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 8.0 mA D.C., Vcc = min. 


II 
Input Leakage Current 
±10 
p.A 
Vcc = max., GND < VIN < Vcc 


loz 
Output Leakage Current 
±10 
p.A 
Vcc = max., 
GND < VOUT < Vcc 


Isd6) 
Output Short Circuit Current 
-30 
-90 
mA 
Vcc = max., VOUT = 0.5V 


ISB(7) 
Standby Current 
100 
300 
p.A 
Vcc = max., VIN = Vccor 
GND, 


Standby Mode 


intel~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test 
Conditions 


Ice 
Power 
Supply 
Current 
10 
mA 
Vee 
= max., 


(See 
Ice vs Freq. 
Graph) 
VIN = Vee 
or GND, 


No Load, 
Input 
Freq. 
= 1 MHz 


Active 
Mode 
(Turbo 
= Off), 


Device 
Prog. as 12-Bit 
Ctr. 


NOTES: 
4. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 
Do not 


attempt 
to test these 
values 
without 
suitable 
equipment. 


5. 10 at CMOS 
levels 
(3.84V) 
= - 2 mA. 


6. Not more than 
1 output 
should 
be tested 
at a time. Duration 
of that test must not exceed 
1 second. 
7. With Turbo 
Bit Off, device 
automatically 
enters 
standby 
mode 
approximately 
100 ns after last input transition . 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
B 
pF 
VIN = OV, f = 1.0 MHz 


GoUT 
1/0 Capacitance 
15 
pF 
VOUT = OV, f = 1.0 MHz 


CclK 
ILE/ICLK/INP2 
Capacitance 
12 
pF 
VIN = OV, f = 1.0 MHz 


Cypp 
Vpp Pin (CLK/INP1) 
25 
pF 
VIN = OV, f = 1.0 MHz 


3'°-.:i.20 
~ 
.> TESTPOINTS < . 
o 
0.8 
0.8 


I~-TEST 
POINTS---~ 
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A.C. Tesling: Inputs are driven al 3.0V for a logic "1" and OVfor 
a logic "0". Timing Measurements are made at 2.0V for a logic 
"I" and 0.8V for a logic "0" on inputs. Oulpuls are measured at 
a 1.5V poin1.Device inpul rise and fall limes < 6 ns. 


5AC312·25 
5AC312-30 
Non-(10) 


Symbol 
From 
To 
Turbo 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tPD 
Input or 1/0 
Comb. Output 
20 
25 
25 
30 
+20 
ns 


tpZX(9) 
Input or I/O 
Output 
Enable 
20 
25 
25 
30 
+20 
ns 


tpXZ(9) 
Input or 1/0 
Output 
Disable 
20 
25 
25 
30 
+20 
ns 


telR 
Asynch. 
Reset 
a Reset 
20 
25 
25 
30 
+20 
ns 


tSET 
Asynch. 
Set 
a Set 
20 
25 
25 
30 
+20 
ns 


NOTES: 
8. Typical 
values 
are at TA = 25°C, Vcc = 5V, Active 
Mode. 


9. tpzx 
and tpxz 
are measured 
at ± 0.5V from 
steady-state 
voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 


Cl = 5 pF. 
10. If device 
is operated 
with Turbo 
Bit Off (Non-Turbo 
Mode) 
and the device 
has been 
inactive 
for approximately 
100 ns, 


increase 
time by amount 
shown. 


• 


5AC312-25 
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Non-(10j 


Symbol 
Parameter 
Turbo 
Unit 
, 
Mode 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


fMAX 
Max. Frequency (Pipelined) 
80 
66 
66 
50 
MHz 
1/tsu-No 
Feedback 


fCNTl 
Max. Count Frequency 
40 
33.3 
33 
26.3 
MHz 


1/(tsu + teo)-External 
Feedback 


fCNT2 
Max. Count Frequency 
40 
33.3 
35 
28.5 
MHz 


1/teNr-lnternal 
Feedback 


tSUl 
Input Setup Time to ClK t 
15 
12 
20 
18 
+20 
ns 


tSU2 
I/O Setup Time to ClK t 
15 
12 
20 
18 
+20 
ns 


tH 
I or I/O Hold after ClK t 
0 
0 
ns 


tea 
ClK t to Output Valid 
10 
15 
12 
18 
ns 


teNT 
Macrocell Output Feedback 
25 
30 
30 
35 
+20 
ns 


to Macrocellinput-internal 
Path 


tCH 
ClK High Time 
7 
9 
ns 


tel 
ClKlowTime 
7 
9 
ns 


tew 
Minimum Clock Period 
15 
20 
ns 


SYNCHRONOUS 
CLOCK 
MODE (INPUT 
STRUCTURE) 
A.C. CHARACTERISTICS 
TA = O·G to + 70·G, VCC = 5.0V ± 5%, Turbo 
Bit On(8) 


5AC312-25 
5AC312-30 
Non.(10j 


Symbol 
Parameter 
Turbo 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


fMAXI 
Max. Frequency (1/teWI) 
80 
66 
66 
50 
MHz 


tSUIR 
Input Register/latch 
Setup Time 
5 
5 
ns 


before IlE/IClK 
J. 


tESUI(11) 
Input latch Setup Time before IlE t 
5 
5 
ns 


teal 
IClK J. to Comb. Output 
30 
35 
35 
40 
+20 
ns 


tEal 
IlE t to Comb. Output 
30 
35 
35 
40 
+20 
ns 


tHI 
Input Hold after IClK/llE 
J. 
7 
10 
ns 


tEHI 
Input Hold after IlE J. 
7 
10 
ns 


teHI 
IlE/IClK 
High Time 
7 
9 
ns 


teu 
IlE/IClK 
low Time 
7 
9 
ns 


tCWI 
Minimum Input Clock Period 
15 
20 
ns 


NOTE: 
11. This specification must be met to guarantee tEal. When IlE goes high before data is valid. use tpD instead of tEal. 


5AC312-25 
5AC312-30 
Non-(10) 


Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fAMAXI 
Max. Frequency 
Input Register 
80 
66 
66 
50 
MHz 


1/ (tACLI + tACHI) 


tASUIR 
Input Register/latch 
Setup 
0 
0 
ns 


Time to Asynch. 
IlE/IClK 


tAESUI(11) 
Input latch 
Setup Time 
0 
0 
ns 


before 
Asynch. 
IlE 


tACOI 
Asynch. 
IClK 
to Comb. Output 
40 
48 
45 
55 
+20 
ns 


tAEOI 
Asynch. 
IlE i to Comb. Output 
40 
48 
45 
55 
+20 
ns 


tAHI 
Input Register/latch 
Hold 
20 
14 
25 
20 
+20 
ns 


after Asynch. 
IlE/IClK 


tAEHI 
Input Hold after Asynch. 
IlE 
20 
14 
25 
20 
ns 


tACHI 
Asynch. 
IClK 
High Time 
7 
9 
+20 
ns 


tACLI 
Asynch. 
IClK 
low 
Time 
7 
9 
+20 
ns 


tACWI 
Minimum 
Input Clock Period 
15 
20 
+20 
ns 


ASYNCHRONOUS 
CLOCK 
MODE MACROCELLS 
A.C. CHARACTERISTICS 
TA = O·C to + lO·C, VCC = 5.0V ± 5%, Turbo Bit On(8) 


5AC312-25 
5AC312-30 
Non-(10) 


Symbol 
Parameter 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fAMAX 
Max. Frequency 
(Plpelined) 
80 
66 
66 
50 
MHz 


1/(tACL 
+ tACH)-No 
Feedback 


fACNT1 
Max. Frequency 
35 
28.5 
33 
23.8 
MHz 


1/ (tASU + tAcol-External 
Feedback 


fACNT2 
Max. Frequency 
40 
33.3 
35 
30 
MHz 


1/tACNT-with 
Feedback 


tASU1 
Input Setup Time to 
10 
12 
+20 
ns 


Asynch. 
Clock 


tASU2 
I/O Setup Time to 
10 
12 
+20 
ns 


Asynch. 
Clock 


tAH 
Input or I/O Hold after 
5 
0 
5 
0 
ns 


Asynch. 
Clock 


tACO 
Asynch. 
ClK 
to Output Valid 
20 
25 
25 
30 
+20 
ns 


tACNT 
Register 
Output 
Feedback 
25 
30 
30 
35 
+20 
ns 


to Register 
Input- 


Internal 
Path 


tACH 
Asynch. 
ClK 
High Time 
7 
9 
+20 
ns 


tACL 
Asynch. 
ClK 
low 
Time 
7 
9 
+20 
ns 


tACW 
Minimum 
Asynch. 
ClK 
Period 
15 
20 
+20 
ns 


• 
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INPUT -CLOCK- TO-MACROCELL-CLOCK 
A.C. CHARACTERISTICS 
TA = O·C to + 70·C, Vcc = 5.0V ± 5%, Turbo 
Bit On(8) 


5AC312-25 
5AC312-30 
Non-(10) 


Symbol 
Parameter 
Turbo 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


lc1C2(12) 
Synchronous 
ILE/ICLK 
to 
25 
30 
+20 
ns 


Synchronous 
Macrocell 
CLK 


Synchronous 
ILE/ICLK 
to 
15 
18 
+20 
ns 


Asynchronous 
Macrocell 
CLK 


Asynchronous 
ILE/ICLK 
to 
35 
40 
+20 
ns 


Synchronous 
Macrocell 
CLK 


Asynchronous 
ILE/lCLK 
to 
25 
35 
+20 
ns 


Asynchronous 
Macrocell 
CLK 


NOTE: 
12. Times 
for SETUP, 
HOLD, 
and OUTPUT 
VALID 
are shown 
in previous 
tables. 


INPUT OR I/o 
\. 
J\. 


_lpD 


CO~BINATORIALOUTPUT 
\ 
J 


IpXZ 


CO~BINATORIALOR 
HIGH I~PEDANCE 
REGiSTEREDOUTPUT 
3-STATE 


IpZX 


HIGH I~PEDANCE 
VALID OUTPUT 
3-STATE 
~IACLR- 


~tASET_ 


NOTE: 
WHEN ILE GOES HIGH BEFORE DATA IS VALID. USE IpD 


INSTEAD OF IEOI. 


• 


ASYNCH. 
ILE/CLK 
INPUT 


NOTE: 
WHEN ILE GOES HIGH BEFORE DATA IS VALID, USE IpD 
INSTEAD OF IAEOI• 


ASYNCH. 
CLOCK 
INPUT 


FLOW 
THROUGH 
INPUT 


290156-16 
CLOCK, 
SETUP, 
HOLD, 
and 
OUTPUT 
VALID 
times 
are dependent 
on synchronous/asynchronous 
clocking 
and 
are 
listed 
in the specification 
tables. 


5AC312 Output 
Drive Current 
In Relation 
to Voltage 
5AC312 
Current 
In Relation 
to Frequency 


120 
110 
100 
90 
80 
-;( 
70 
5 60 
_tl 
50 
40 
30 
20 
10 


TURBO 
-!""'"'I 


II 


~ 


NON-TURBO 


I 
I 


--- 
/ 


......•••• 


......•.... 


:1 
50 
-c 
20 
~ 
:::J 
U 
10 
- 
:::J~ 
5 
:::J0 
~ 
2 


5 
10 
15 20 
25 30 35 
40 


tCNT (t.4Hz) 


Conditions: 
TA ~ + 25'C, Vcc 
~ 
5.25V 
290156-20 


1 
o 
1 
2 
3 
• 
5 


Vo Output 
Voltage (V) 


Conditions: 
TA ~ + 25'C 
290156-16 


CL 
6ns 
e: 
o 
-tns 
~ 
o 
2ns 
_t4. 


110pF 


Capacitance 


• 


5AC324 
1·MICRON CMOS 24·MACROCELL 
PLD 


• 
High-Performance 
LSI Semi-Custom 
Logic Alternative 
to Low-end 
Gate 
Arrays, TIL, 
74HC SSI and MSI Logic, 
and PLDs 


• 
High Speed tpD 25 ns, 66 MHz 
Performance 
Pipelined, 
33.3 MHz w/ 
Feedback 


• 
24 Macrocells 
with Programmable 
110 
Architecture; 
Up to 36 Inputs (12 
Dedicated, 
24 I/O) 


• 
10 Programmable 
Inputs Configurable 
as Latches, 
Registers, 
or Flow-Through 


• 
1 Flow-Through 
Input or Global CLK 
Pin; 1 Flow-Through 
Input or Global 
ILEIICLK 
Pin 


• 
Programmable 
AND, Allocatable 
OR 
Design Allows up to 16 P-Terms 
per 
Macrocell 


• 
Software-Supported 
P-Term Allocation 
Between 
Adjacent 
Macrocells 


ClK/INPl 


L1NPl 


L1NP2 


1/0.1 


1/0.2 


1/0.3 


1/0.4 


GNO 


1/0.5 


1/0.6 


1/0.7 


1/0.8 


Vcc 
1/0.9 


1/0.10 


1/0.11 


1/0.12 


L1NP3 


L1NP4 


L1NP5 


L1NP8 


1/0.24 


1/0.23 


1/0.22 


1/0.21 


Vcc 
1/0.20 


1/0.19 


1/0.18 


1/0.17 


GND 


1/0.16 


1/0.15 


1/0.14 


1/0.13 


L1NP7 


L1NP6 


IlE/IClK/INP2 


• 
Programmable 
Output 
Registers 
Configurable 
as D, T, JK, or SR Types 


• 
Dual Feedback 
on All Macrocells 
for 
Implementing 
Buried Registers 
with 
Bidirectional 
110 


• 
2 P-Terms 
on All Macrocell 
Control 
Signals 


• 
Programmable 
Low-Power 
Option for 
"Stand-by" 
Operation; 
150 ,...ATypical 
Standby 
Current 


• 
UV Erasable 
(CerDIP) 
EPROM 
Technology 
or OTP 


• 
100% Generically 
Tested 
EPROM 
Logic 
Control 
Array 


• 
JEDEC Pinout 


• 
Available 
in 40-pin CerDIP/PDIP 
and 
44-Pin PLCC Packages 
(See PackagingSpec., Order Number240800, Package Type 0, 
P, and N) 


1/0.3 


1/0.4 


GND 


1/0.5 


1/0.6 


NC 


1/0.7 


1/0.8 


Vcc 
1/0.9 


1/0.10 


1/0.22 


1/0.21 


Vcc 
1/0.20 


1/0.19 


NC 


1/0.18 


1/0.17 


GND 


1/0.16 


1/0.15 


() N 
'" 
zo..o.. 
z z 
,::3 
"-'u 
~:! 
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Figure 1. 5AC324 
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The Intel 5AC324 CMOS PLD (Programmable Logic 
Device) is a high integration device that overcomes 
the primary limitations of standard PLDs. Due to a 
proprietary I/O architecture and macrocell structure, 
the 5AC324 is capable of implementing high per- 
formance logic functions more effectively than previ- 
ously possible. The 5AC324 can be used as an alter- 
native to low-end gate arrays, multiple programma- 
ble logic devices, or LS-, HC-, or HCT SSI and MSI 
logic devices. Input and macrocell features for the 
5AC324 are a superset of features offered on other 
PLD-type products. 


The 5AC324 uses advanced CMOS EPROM cells as 
logic control elements instead of poly-silicon fuses. 
This technology allows the device to operate at lev- 
els necessary in high performance systems while 
significantly reducing power consumption. Its pro- 
grammable standby mode reduces power to near 
zero in applications where a slight speed loss is trad- 
ed for power savings. 


The architecture of the 5AC324 is based on the fa- 
miliar ·"Sum-Of-Products" programmable AND, fixed 
OR structure. This structure is then surrounded by 
powerful, programmable macrocells and inputs. The 
5AC324 can implement both combinatorial and se- 
quential logic functions through a highly flexible 
macrocell and I/O structure. The architecture of the 
device supports both combinatorial-register and reg- 
ister-combinatorial-register forms of logic to easily 
accomodate state machine designs. 


Figure 2 shows a global view of the 5AC324 archi- 
tecture. The 5AC324 contains a total of 24 I/O pro- 
grammable 
macrocells, 
10 
programmable 
input 
structures, and two clock inputs that can be pro- 
grammed to function either as combinatorial inputs 
or clock inputs for the input structures and macro- 
cells. 


Each of the ten programmable inputs can be individ- 
ually configured as a latch, register or flow-through• 


lOGIC 
ARRAY 
TO NEXT 
FROIol NEXT 
IoIACROCEll 
IoIACROCEll 


OUTPUT 
ENABLE 


ASYNCH. 
PRESET 


"'II 
C· 
C 
OUTPUT 
..• 
(D 
IoIUX 
~ 
01:a-0 
w 
O/T 
N 
.Do 
IoIACROCEll 
3: 
REGISTER 


Dl0..•00 
~ 
:a-..• 
0~ 
;:;: 
(D 
ASYNCH. 
0 
CLEAR 
.. 
C..• 
(D 
TO PREVIOUS 
FROIol PREVIOUS 
IoIACROCEll 
IoIACROCEll 
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input. Input latches/registers can be synchronously 
or asynchronously clocked. 


Figure 3 shows the basic architecture of each of the 
24 macrocells in the 5AC324. Each macrocell con- 
tains 16 p-terms (product terms), with 8 p-terms 
available for the global array and 8 p-terms dedicat- 
ed to the four control signals: DE, PRESET,CLEAR, 
and ASYNCH. CLK. The 8 p-terms from the logic 
array are organized as a user-programmable AND 
array and a user-configurable OR array. The inputs 
to the AND array originate from the true and comple- 
ment signals from the programmable input structure, 
the dedicated inputs, and the 48 feedback paths 
from the 24 I/O macrocells to the global bus. This 
global bus simplifies designing with the device by 
eliminating the need to partition a circuit to fit into a 
local/global internal bus structure. 


Figure 4 shows a block diagram of the 5AC324 input 
structure. The device contains 10 user-programma- 
ble inputs that can be individually configured to oper- 
ate in one of five modes: 
• input register (D-register), synchronously clocked 
• input 
register 
(D-register), 
asynchronously 
clocked 
• input latch, (D-Iatch), synchronously clocked 
• input latch, (D-Iatch), asynchronously clocked 


• Flow-through input 


Configuration is accomplished through the program- 
ming of EPROM architecture control bits via the log- 
ic compiler and programmer software. If synchro- 
nous operation is selected, the ILE/ICLK pin is used 
as a global latch/clock 
to all input latch/register 


structures. For asynchronous operation, a separate 
product term in the array is used to derive the ILE/ 
ICLK signal for each input structure. Because the 
clock signal for each programmable input can be in- 
dividually selected, a mix between synchronously 
and asynchronously clocked inputs is possible. Soft- 
ware can configure each input structure as a flow- 
through input by selecting a latch and tying the ILE 
p-term to VCC. Data is latched/clocked on the fail- 
ing edge of ILE/lCLK (synchronous mode). ILE/ 
ICLK can function as an input to the logic array at 
the same time as it is used to synchronously clock 
the input registers. 


MACROCELLS 


Each of the 24 macrocells in the device contains 8 2 
p-terms to support logic functions and 8 p-terms for 
control signals. The 8 p-terms for logic functions are 
subdivided into 2 groups, each with 4 p-terms. This 
grouping of p-terms supports the proprietary p-term 
allocation scheme in the 5AC324. Each macrocell 
also provides dual feedbacks to the logic array, 
which results in more efficient macrocell/pin usage 
than possible with single feedbacks. 


Each macrocell can be configured as a D, T, RS, or 
JK register. The 8 p-terms for control functions are 
organized so that 2 p-terms support each of the 4 
control signals: Output Enable (DE), asynchronous 
I/O 
preset 
(PRESET), asynchronous 
I/O 
reset 
(CLEAR), and asynchronous I/O register clock (AS- 
YNCH. CLK). Availability of 2 p-terms per control sig- 
nal is another feature that increases the efficiency of 
the device by reducing the need to use intermediate 
macrocells sometimes needed to implement control 
functions. 


P-TERlo4 
fROlo4 LOGIC 
ARRAY 


NOTE: 
Software 
implements 
a direct 
(flow-through) 
input by selecting 
an asynchronous 
latch and tying its control 
P·term 
to Vcc. 


--- -_. 
-- ---- 
-- 
synchronously clock any or all macrocell registers. 
When ClK is not used as a synchronous clock, it 
functions only as a dedicated input to the logic array. 
ClK can be used as an input to the logic array at the 
same time as it is used as a macrocell clock. 


Combinatorial 
Configuration 


The macrocell register can be bypassed to imple- 
ment combinatorial logic functions. When configured 
to provide combinatorial logic, only the OE control 
signal is used. 


An invert select EPROM bit is used to invert the 
product term input into each macrocell register, in- 
cluding double inputs on JK and SR registers. This 
invert option allows the highest possible logic utiliza- 
tion by use of DeMorgan's logic inversion. 


Each intersecting point in the logic array contains a 
programmable EPROM connection. Initially (erased 
state), all connections are complete, i.e., both true 
and complement states of all signals are connected 
to each p-term. 


Connections are opened during programming. When 
both the true and complement connections exist, a 
logical false results on the output of the AND gate. If 
both the true and complement connections of a sig- 
nal are programmed "open", 
then a logic "don't 
care" results for that signal. If all connections for a 
p-term are programmed open, then a logical true re- 
sults on the output of the AND gate. 


Product Term (p-term) allocation is defined as taking 
logic resources (p-terms) from macrocells where 
they are not used to support demand for additional 
p-terms in other macrocells. In the 5AC324, p-term 
allocation can occur in increments of 4 p-terms be- 
tween adjacent macrocells. The 5AC324 includes 2 
rings of 12 macrocells each. P-term groups from one 
macrocell can be allocated to the adjacent macro- 
cell in the ring. P-term allocation between the two 
rings is not supported. 


Figure 5 shows a p-term allocation example. In this 
example, the logic function in macrocell 4 requires 
16 p-terms. In this case, software allocates 4 p- 
terms from the previous macrocell in Ring 1 (macro- 
cell 5) and 4 p-terms from the next macrocell (mac- 
rocell 3) to accumulate a total of 16 p-terms (8 + 4 
+ 4). This implementation leaves macrocells 3 and 
5 with a remainder of 4 p-terms. These remaining p- 
terms can also be allocated away to, or supplement- 
ed with p-terms from, their adjacent macrocells in 
Ring 1 (macrocells 2 and 6). 


With this scheme, any macrocell inside the device 
can support logic functions requiring between 0 and 
16 p-terms. P-terms allocated away do not affect 
that macrocell's output structure. The input to the 
macrocell can be tied to VCC or GND, even when all 
p-terms have been allocated away. Thus the register 
and all control signals are still available for use if 
needed. 


Figure 6 shows adjacent macrocells in the 5AC324. 
Table 1 shows the previous and next macrocells for 
each macrocell in the device, along with the corre· 
sponding allocation ring. P-term allocation is imple- 
mented automatically in the development software 
and is transparent to the user. Users can still use 
explicit pin assignment, but should assign pins in a 
way that does not conflict with p-term allocation. 


Software support allows the control signals on mac- 
rocells to be used to implement simple logic func- 
tions even when all the input p-terms have been al- 
located to adjacent macrocells. 


Macrocell output can be fed back to the logic array 
on either one of the two feedback paths. If the pin 
feedback is used (connected after the output buffer), 
bidirectional I/O can be implemented. If the internal 
feedback path is used to implement a buried register 
or buried logic function, the pin feedback is still avail- 
able for use as an input. The availability of dual feed- 
backs on the 5AC324 enhances resource efficiency 
over single feedback devices. 


The 5AC324 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. When the Turbo Bit is programmed (TUR- 
BO = ON), the device is optimized for maximum 


P-TERMS 
ALLOCATEO 
TO 


MACROCELL '4 
(NEXT 
MACROCELL 
IN RING) 


UPPER 
HALF 
P-TERMS 
ALLOCATED 
TO 
P-TERMS 
5-8 
MACROCELL '4 
(PREVIOUS 
MACROCELL 
IN RING) 


--c( 


MACRO CELL 
1 


MACROCELL 
2 


MACROCELL 
3 


MACROCELL 
4 


MACROCELL 
5 


MACROCELL 
6 


MACROCELL 
7 


MACROCELL 
8 


MACROCELL 
9 


MACROCELL 
10 


MACROCELL 
11 


MACRO CELL 
12 
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MACROCELL 
24 


MACRO CELL 
23 


MACROCELL 
22 


MACROCELL 
21 


MACROCELL 
20 


MACRO CELL 
19 


MACROCELL 
18 


MACROCELL 
17 


MACROCELL 
16 


MACROCELL 
15 


MACROCELL 
14 


MACROCELL 
13 


RING 1 
RING 2 


Current 
Next 
Previous 
Current 
Next 
Previous 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 


1 
7 
2 
13 
19 
14 
2 
1 
3 
14 
13 
15 
3 
2 
4 
15 
14 
16 
4 
3 
5 
16 
15 
17 
5 
4 
6 
17 
16 
18 
6 
5 
12 
18 
17 
24 
7 
8 
1 
19 
20 
13 
8 
9 
7 
20 
21 
19 
9 
10 
8 
21 
22 
20 
10 
11 
9 
22 
23 
21 
11 
12 
10 
23 
24 
22 
12 
6 
11 
24 
18 
23 


speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 7 shows the device entering standby mode 
approximately 100 ns after the last input or I/O tran- 
sition. When the next input or I/O transition is de- 
tected, the device returns to active mode. Wakeup 
time adds an additional 20 ns to the propagation 
delay through the device as measured from the first 
transition. No delay will occur if an output is depen- 
dent on more than one input and the last of the in- 
puts changes after the device has returned to active 
mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


FIRST t 
INPUT 
. 


OR I/O 
•• 


LAST 
INPUT 
OR I/O 


On Vcc power-up, the 5AC324 registers are reset to 
a logic low. Input latch/register output (to the logic 
array) are also set to a logic low. 5AC324 inputs and 
outputs begin responding approximately 20 J.l-Safter 
Vcc power-up or after a power-Ioss/power-up se- 
quence. After power-up, macrocells can be preset to 
a logic high via the PRESET control signal for each 
macrocell. 


After erasure and prior to programming, all macro- 
cells are configured as combinatorial outputs with 
output buffers three-stated. Inputs are configured as 
synchronous registers. 


ACTIVE 
MODE 
Ice 


• 


ERASURE 
CHARACTERISTICS 


Erasure time for the 5AC324 is 1 hour at 12,000 
,.,.W/cm2 with a 2537A UV lamp. 


Erasure characteristics of the device are such that 
erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000A. It 
should be noted that sunlight and certain types of 
flourescent lamps have wavelengths in the 3000A- 
4000A range. Data shows that constant exposure to 
room level flourescent lighting could erase the typi- 
cal 5AC324 in approximately six years, while it would 
take approximately two weeks to erase the device 
when exposed to direct sunlight. If the device is to 
be exposed to these lighting conditions for extended 
periods of time, conductive opaque labels should be 
placed over the device window to prevent uninten- 
tional erasure. 


The 
recommended 
erasure 
procedure 
for 
the 
5AC324 is exposure to shortwave ultraviolet light 
with a wavelength of 2537A. The integrated dose 
(I.e., UV intensity x exposure time) for erasure 
should be a minimum of forty (40) Wsec/cm2. 
The 
erasure time with this dosage is approximately 1 
hour using an ultraviolet lamp with a 12,000 ,.,.WI 
cm2 power rating. The device should be placed with- 
in 1 inch of the lamp tubes during exposure. The 
maximum integrated dose the 5AC324 can be ex- 
posed to without damage is 7258 Wsec/cm2 
(1 
week at 12,000 ,.,.W/cm2). Exposure to high intensity 
UV light for longer periods may cause permanent 
damage to the device. 


Intelligent 
Programming 
Algorithm 


The 5AC324 supports the Intelligent Programming 
Algorithm, which rapidly programs Intel PLDs, while 
maintaining a high degree of reliability. It is particu- 
larly suited for production programming environ- 
ments. This method ensures reliability as the incre- 
mental programming margin of each bit has been 
verified during programming. Programming voltage 
and waveform specifications are available by re- 
quest from Intel to support programming the device. 


All of the input, 1/0, and clock pins of the device 
have been designed to resist latch-up which is inher- 


intel~ 


ent in inferior CMOS structures. The 5AC324 is de- 
signed 
with 
Intel's 
proprietary 
1-micron 
CMOS 
EPROM process. Thus, each of the pins will not ex- 
perience latch.-upwith currents up to ± 100 mA and 
voltages ranging from -0.5V 
to (Vee + 0.5V). The 
programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


For proper operation, it is recommended that all in- 
put and output pins be constrained to the voltage 
range GND ~ (VIN or VOUT)~ Vee. All unused in- 
puts and II0s should be tied high or low to minimize 
power consumption (do not leave them floating). A 
power supply decoupling capacitor of at least 0.2,.,.F 
must be connected directly between each Vcc and 
GND pin. 


As with all CMOS devices, ESD handling procedures 
should be used with the 5AC324 to prevent damage 
to the device during programming, assembly, and 
test. 


Since the logical operation of the 5AC324 is con- 
trolled by EPROM elements, the device is complete- 
ly testable during the manufacturing process. Each 
programmable EPROM bit controlling the internal 
logic is tested using application independent test 
patterns. EPROM cells in the device are 100% test- 
ed for programming and erasure. After testing, the 
devices are erased before shipments to the custom- 
ers. No post-programming tests of the EPROM array 
are required. 


The testability and reliability of EPROM-based pro- 
grammable logic devices is an important feature 
over similar devices based on fuse technology. 
Fuse-based programmable logic devices require a 
user to perform post-programming tests to insure 
device functionality. During the manufacturing pro- 
cess, tests on fuse-based parts can only be per- 
formed in very restricted ways in order to avoid pre- 
programming the array. 


The following 
ADF primitives 
are supported 
by this 


device: 


INP 
L1NP 
RINP 
CONF 
COCF 
COIF 
RONF 
ROlF 
RORF 
NOCF 
NORF 
NOJF 
NOSF 


NOTF 
JOJF 
JONF 
SONF 
SOSF 
TOIF 
TONF 
TOTF 
CLKB 
L1NB 


Full logic 
compilation 
and functional 
simulation 
for 


the 5AC324 
is supported 
by PLDsheli 
Plus software. 
The GUPI 40D44J 
provides 
programming 
support on 


Intel programmers. 


t"Lusneli 
t"IUS oeslgn sorrware 
IS Imers 
user-menolY 


design 
tool for fLPLD design. 
PLDsheli 
Plus allows 


users to incorporate 
their preferred 
text editor, 
pro- 


gramming 
software, 
and additional 
design tools 
into 


an easy-to-use, 
menued 
design environment 
that in- 


cludes 
Intel's 
PLDasm logic compiler 
and simulation 


software 
along 
with 
disassembly, 
conversion, 
and 


translation 
utilities. The PLDasm 
compiler 
and simu- 


lator 
software 
accepts 
industry-standard 
PDS 


source 
files that express 
designs 
as Boolean 
equa- 


tions, truth tables, 
or state 
machines. 
On-line 
help, 


datasheet 
briefs, 
technical 
notes, 
and 
error 
mes- 


sage 
information, 
along 
with 
waveform 
viewing I 


printing 
capability 
make the design 
task as easy as 


possible. 
PLDsheU 
Plus software 
is available 
from 


Intel 
Literature 
channels 
or from 
your 
local 
Intel 


sales representative. 


Tools 
that 
support 
schematic 
capture 
and 
timing 


simulation 
for the 5AC324 are available. 
Please refer 


to the "Development 
Tools" 
section 
of the Program- 


mable Logic handbook. 


The 
5AC324 
is also 
supported 
by third-party 
logic 


cOl'!lpilers 
such 
as ABEL t, 
CUPL t, 
PLDesignert, 


Log/IC, 
etc. 
Programming 
support 
is provided 
by 


third-party 
programmer 
companies 
such 
as 
Data 


I/O, 
Logical Devices, 
STAG, etc. Please refer to the 
'Third-Party 
Support" 
lists 
in 
the 
Programmable 


Logic 
handbook 
for complete 
information 
and ven- 


dor contacts. 


tpD 
tea 
fMAX 
Order 
Code 
Package 
Operating 
Range 
(ns) 
(n8) 
(MHz) 


25 
17.8 
66 
N5AC324-25 
PLCC 
Commercial 


P5AC324-25 
PDIP 


D5AC324-25 
'CERDIP 


30 
20 
50 
N5AC324-30 
PLCC 
Commercial 


P5AC324-30 
PDIP 


D5AC324-30 
'CERDIP 


30 
20 
50 
TN5AC324-30 
PLCC 
Industrial 


tABEL is a trademark of Data I/O Corporation. CUPL is a trademark of Logical Devices, Inc. PLDesigner is a trademark of 
MINC, Inc. Log/IC is a trademark of ISDATA, Inc. 


• 


Supply Voltage 
(Vccl(1) 
-2.0V 
to + 7.0V 


Programming 
Supply 
Voltage 
(Vpp)(1) 
-2.0V 
to + 13.5V 


D.C. Input Voltage 
(VI)(1,2) 
- 0.5V to Vcc 
+ 0.5V 


Storage Temperature 
(Tstg) 
- 65°C to + 150°C 


Ambient 
Temperature 
(Tamb)(3) 
-10°C 
to + 85°C 


NOTES: 
1. Voltage with respect to GND. 
2. Minimum D.C. input is -O.5V. During transitions, the in- 
puts may undershoot to - 2.0V or overshoot to +7.0V less 
than 20 ns under no load conditions. 
3. Under bias. Extended Temperature versions are also 
available. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Min 
Max 
Unit 


VCC 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
0 
Vcc 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter 
Min 
Typ 
Max 
Unit 
Test Conditions 


VIH(4) 
High Level Input Voltage 
2.0 
VCC +0.3 
V 


Vll(4) 
Low Level Input Voltage 
-0.3 
0.8 


VOH(5) 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., 


Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 8.0 mA D.C., Vcc = min. 


II 
Input Leakage Current 
±10 
p.A 
Vcc = max., 
GND < VIN < VCC 


loz 
Output Leakage Current 
±10 
p.A 
VCC = max., 
GND < VOUT < Vcc 


IsC<6) 
Output Short Circuit Current 
-30 
-90 
mA 
Vcc = max., VOUT = 0.5V 


intel~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


ISB(7) 
Standby Current 
150 
500 
IJ-A 
Vcc = max., VIN = Vcc or 
GND, Standby 
Mode 


Icc 
Power Supply Current 
20 
mA 
Vcc = tfllax., VIN = Vcc or 
(See Icc vs Freq. Graph) 
GND, No Load, fiN = 1 MHz, 
Active Mode (Turbo = Off), 
Device Prog. as Two 
12-Bit Counters 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5.10 at CMOS levels (3.84V) = -2 
mA. 


6. Not more than 1 output should be tested at a time. Duration of that test should not exceed 1 second. 
7. With Turbo Bit Off, device automatically enters standby mode approximately 100 ns after last input transition. 


3.0~20 
~O 
INPUT' 
> 
TESTPOINTS< . 
o 
_0.8 
. 
0.8 


1~-TEST 
POINTS-E 


290160-10 


A.c. Testing: 
Inputs 
are driven 
at 3.0V for a Logic "1" and OVfor 
a Logic "0". Timing 
Measurements 
are made 
at 2.0V for a Logic 


"1" 
and O.SV for a Logic 
"0" 
on inputs. 
Outputs 
are measured 
at 


a 1.5V point. 
Device 
input 
rise and fall times < 6 ns. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
8 
pF 
VIN = OV, f = 1.0 MHz 


COUT 
I/O Capacitance 
15 
pF 
VOUT = OV, f = 1.0 MHz 


CCLK 
Clock Pin Capacitance 
15 
pF 
VIN = OV, f = 1.0 MHz 


Cvpp 
Vpp Pin (L1N3) 
25 
pF 
VIN = OV, f = 1.0 MHz 


COMBINATORIAL 
MODE A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5.0V ± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324·25 
5AC324·30 
5AC324-35 
Non- Turbo(9) 
Unit 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mode 


tpD 
Input or I/O to Output Valid 
20 
25 
25 
30 
30 
35 
+20 
ns 


tpZX(10) 
Input or I/O to Output Enable 
20 
25 
25 
30 
30 
35 
+20 
ns 


tpXZ(10) 
Input or I/O to Output Disable 
20 
25 
25 
30 
30 
35 
+20 
ns 


teLR 
Asynch. 
Reset to Q Reset 
20 
25 
25 
30 
30 
35 
+20 
ns 


tSET 
Asynch. 
Set to Q Set 
20 
25 
25 
30 
30 
35 
+20 
ns 


NOTES: 
8. Typical values are at TA = +25°C, Vcc = 5V, Active Mode. 
9. If device is operated with Turbo bit Off (Non-Turbo Mode) and the device is inactive for approx. 100 ns, increase time by 
amount shown. 
10. tpzx and tpxz measured at ±0.5V from steady-state voltage as driven by spec. output load. tpxz measured with CL = 5 pF. 


• 


SYNCHRONOUS 
CLOCK 
MODE (MACROCELLS) 
A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5.0V 
±5%, 
Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324·35 
Non- Turbo(9) 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAX 
Maximum 
Frequency 
80 
66 
66 
50 
50 
40 
MHz 
(Pipelined) 
(1/tcw)-No 
Feedback 


fCNT1 
Maximum 
Frequency 
40 
33 
33.3 
25 
27 
21.2 
MHz 


(1/tsu 
+ tco) 
-External 
Feedback 


fCNT2 
Maximum 
Frequency 
(1/tCNT) 
40 
33.3 
33.3 
28.5 
28.5 
25 
MHz 
-Internal 
Feedback 


tSU1 
Input Setup Time to ClK i 
12.5 
10 
20 
15 
25 
20 
+20 
ns 


tSU2 
I/O Setup Time to ClK i 
12 
10 
20 
15 
25 
20 
+20 
ns 


tH 
Input or I/O Hold Time 
0 
0 
0 
ns 
fromClK i 


tco 
ClK i to Output Valid 
15 
17.8 
15 
20 
17 
22 
ns 


tCNT 
Register 
Output Feedback 
to 
25 
30 
30 
35 
35 
40 
+20 
ns 
Register 
Input- 
Internal Path 


tCH 
Clock High Time 
7 
9 
11 
ns 


tCL 
Clock low 
Time 
7 
9 
11 
ns 


tcw 
Minimum Clock Period 
15 
20 
25 
ns 


SYNCHRONOUS 
CLOCK 
MODE (INPUT 
STRUCTURE) 
A.C. CHARACTERISTICS 
(TA = O°C to + 70°C, VCC = 5.0V 
± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324·25 
5AC324·30 
5AC324·35 
Non· Turbo(9) 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAXI 
Maximum 
Frequency 
(1/teWI) 
80 
66 
60 
50 
50 
40 
MHz 


tSUIR 
Input Register 
Setup Time 
1 
2.5 
5 
ns 
Before IlE/IClK 
J.. 


tESUI(11) Input latch 
Setup Time 
1 
2.5 
5 
ns 
Before IlE i 


tCOI 
IClK 
J.. to Comb. Output 
25 
30 
30 
35 
35 
40 
+20 
ns 


tEal 
IlE i to Comb. Output 
25 
30 
30 
35 
35 
40 
+20 
ns 


tHI 
Input Hold after IClK 
J.. 
8 
9 
10 
ns 


tEHI 
Input Hold after IlE 
J.. 
7 
8 
9 
ns 


teHI 
IlE/IClK 
High Time 
7 
9 
11 
ns 


tell 
IlE/IClK 
low 
Time 
7 
9 
11 
ns 


teWI 
Minimum 
Input Clock Period 
15 
20 
25 
ns 


ASYNCHRONOUS 
CLOCK 
MODE (MACROCELLS) 
A.C. CHARACTERISTICS 


(TA = O·C to +70·C, 
vcc 
= 5.0V 
±5%, 
Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324-35 
Non- Turbo(9) 
Unit 
Min Typ Max Mln Typ Max Mln Typ 
Max 
Mode 


fAMAX 
Max. Frequency 
(Pipelined) 
80 
66 
60 
50 
50 
40 
MHz 


(1/tACW}-No 
Feedback 


fACNT1 
Max. Frequency 
(1/tASU + tACO) 
32.2 27.7 
27 
23.8 
22.2 
20 
MHz 


External 
Feedback 


fACNT2 
Max. Frequency 
(1/tACNT) 
40 
33.3 
33.3 28.5 
28.5 
25 
MHz 


Internal Feedback 


tASU1 
Input Setup Time to Asynch. ClK 
11 
12 
15 
+20 
ns 


tASU2 
I/O Setup Time to Asynch. ClK 
11 
12 
15 
+20 
ns 


tAH 
Input or I/O Hold Time 
3 
0 
4 
0 
5 
0 
ns 
from Asynch. ClK 


tACO 
Asynch. 
ClK 
to Output Valid 
20 
25 
25 
30 
30 
35 
+20 
ns 


tACNT 
Asynch. Output Feedback 
25 
30 
30 
35 
35 
40 
+20 
ns 
to Register 
Input - Internal Path 


tACH 
Asynch. ClK 
High Time 
7 
9 
11 
+20 
ns 


tACL 
Asynch. ClK 
low 
Time 
7 
9 
11 
+20 
ns 


tACW 
Asynch. 
ClK 
Period 
15 
20 
25 
+20 
ns 


ASYNCHRONOUS 
CLOCK 
MODE (INPUT 
STRUCTURE) 
A.C. CHARACTERISTICS 


(TA = O·C to + 70·C, Vcc 
= 5.0V 
± 5%, Turbo 
Bit On)(8) 


Symbol 
Parameter 
5AC324·25 
5AC324·30 
5AC324·35 
Non- Turbo(9) 
Unit 
Min Typ Max Mln Typ Max Min Typ Max 
Mode 


fAMAXI 
Maximum 
Frequency 
Input Register 
80 
66 
60 
50 
50 
40 
MHz 
(1/tACWI) 


tASUIR 
Input Register 
Setup Time 
-5 
-5 
-5 
ns 
Before Asynch. 
IClK 


tAESUI(ll) 
Input latch 
Setup Time 
-5 
-5 
-5 
ns 
Before Asynch. 
IlE 


tACOI 
Asynch. 
IClK 
to Comb. Output 
25 
30 
30 
35 
45 
50 
+20 
ns 


tAEOI 
Asynch. 
IlE to Comb. Output 
25 
30 
30 
45 
45 
50 
+20 
ns 


tAHI 
Input Hold after Asynch. 
IClK 
15 
18 
20 
ns 


tAEHI 
Input Hold after Asynch. 
IlE 
14 
17 
19 
ns 


tACHI 
Asynch. 
IlE/IClK 
High Time 
7 
9 
11 
+20 
ns 


tACLI 
Asynch. 
IlE/IClK 
low 
Time 
7 
9 
11 
+20 
ns 


tACWI 
Minimum 
Input Clock Period 
15 
20 
25 
+20 
ns 


NOTE: 
11. This specification 
must be met to guarantee 
tEOI. When 
ILE goes high before 
data is valid, use tpo instead 
of tEOI. 


• 


Symbol 
Parameter 
5AC324-25 
5AC324-30 
5AC324·35 
Non- Turbo(9) 
Unit 


Min 
Typ 
Max 
Min Typ 
Max 
Min Typ 
Max 
Mode 


tC1C2(12) Synchronous 
IlE/IClK to 
20 
25 
30 
+20 
ns 


Synchronous 
Macrocell 
ClK 


Synchronous 
IlE/lClK 
to 
12.5 
15 
18 
+20 
ns 


Asynchronous 
Macrocell ClK 


Asynchronous 
IlE/IClK to 
40 
45 
50 
+20 
ns 


Synchronous 
Macrocell ClK 


Asynchronous 
IlE/ClK 
to 
20 
25 
30 
+20 
ns 


Asynchronous 
Macrocell ClK 


NOTE: 
12. Times 
for SETUP, 
HOLD, 
and OUTPUT 
VALID 
are shown 
in previous 
tables. 


INPUT 
OR I/O 
\ 
I 


_lpO 


COt.4BINATORIAl 
OUTPUT 
\I 


I pxz 


COt.4BINATORIAl 
OR 
HIGH 
It.4PEOANCE 


REGISTEREO 
OUTPUT 
3-STATE 


I pzx 


HIGH 
It.4PEOANCE 
VALID 
OUTPUT 


3-STATE 
_IAClR 
_ 


_ 
IASET_ 


(FROM 
REGISTER CLOCK 
TO OUTPUT) 


NOTE: 
When 
ILE goes high before 
data is valid, use tpD instead 
of tEOI. 


• 


ASYNCH. 
CLOCK 
INPUT 


fLOW 
THROUGH 
INPUT 


ASYNCH. 
ILE/CLK 
INPUT 


NOTE: 
When 
ILE goes 
high before 
data is valid. use tpo instead 
of tAEOf. 


I. 


infel~ 


INPUTS 


elK J 
\ "at 
\ r 


X 
O~C:~ 


VALID 
OUTPUTS 
OUTPUTS 


290160-16 
• 
CLOCK, 
SETUP, 
HOLD, 
and 
OUTPUT 
VALID 
times 
are dependent 
on synchronous/asynchronous 
clocking 
and 
are 
listed in the specification 
tables. 


200 


180 


160 


140 


C"20 
2.100 
u 
280 


60 
40 


20 
o 
o 


I 
- 
TURBO --- 
"" 
VI 


I- 
NON-TURBO 


II 
I 


II 
I 
I 


20 
30 


fo(tolHz) 


Conditions: 
TA = 2S"C 
Vcc 
= S.OV 


8n. 
0: 
:0- 
6n. 
t;. 


0 
'" 
.n. 
c!: 


Q 
2n. 
~ 


On. 


110pr 


CapacItance 


Conditions: 
TA = 2S"C 
Vcc 
= S.OV 


• 
High Density, 
Low Power 
Replacement 
for SSI & MSI Devices 
and Bipolar 
PLDs. 


• 
Up to 18 Inputs (10 Dedicated 
& 8 1/0) 
and 8 Outputs. 


• 
Eight Macrocells 
with Programmable 
1/0 Architecture. 


• 
tpD = 40 ns (max), 29.4 MHz Pipelined, 
22.2 MHz with Feedback 


• 
Low Power 
Upgrade 
for All Commonly 
Used 20-pin PLDs. 


• 
CMOS EPROM Technology 
Based UV 
Erasable. 


• 
Programmable 
"Security 
Bit" Allows 
Total Protection 
of Proprietary 
Designs 


• 
lee (standby) 
35 mA (max) 
lee (10 MHz) 40 mA (max) 


• 
100% Generically 
Testable 
EPROM 
Logic Control 
Array. 


• 
20-pin 0.3" Windowed 
CERDIP 
Package 


(See Packaging 
Spec., 
Order 
fI 231369) 


INPUT/eLK 
Vcc 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


GND 
I/Vpp 


290154-1 
Pin Configuration 


The Intel 5C031 PLD (Programmable Logic Device) 
is capable of implementing over 300 equivalent 
gates of user-customized logic functions through 
programming. This device can be used to replace 
bipolar programmable logic arrays and LS TTL and 
74HC (CMOS) SSI and MSI logic devices. The 
5C031 can also be used as a direct, low-power re- 
placement for almost all common 20-pin fuse-based 
programmable logic devices. With its flexible pro- 
grammable I/O architecture, this device has ad- 
vanced functional capabilities beyond that of typical 
programmable logic. 


The 5C031 PLD uses CMOS EPROM (floating gate) 
cells as logic control elements instead of fuses. The 
CMOS EPROM technology 
reduces power con- 
sumption of PLDs to lell.sthan 20% of a comparable 
bipolar device without sacrificing speed perform- 
ance. In addition, the use of Intel's advanced CMOS 
II-E EPROM process technology enables greater 
logic densities to be achieved with superior speed 
and low-power performance over other comparable 
devices. EPROM technology allows these devices 
to be 100% factory tested by programming and 
erasing all the EPROM logic control elements. 


The 5C031 is housed in a windowed 0.3" 20-pin DIP 
and has the benefits of being an ideal prototyping 
tool with its highly flexible I/O architecture. 


The architecture of the 5C031 is based on the "Sum 
of Products" PLA (Programmable Logic Array) struc- 
ture with a programmable AND array feeding into a 
fixed OR array. This device can accommodate both 
combinational and sequential logic functions. A pro- 
prietary programmable I/O architecture provides in- 
dividual selection of either combinational or regis- 
tered output and feedback signals, all with select- 
able polarity. 


The 5C031 contains 10 dedicated inputs as well as 8 
input/output pins. These I/O pins can be individually 
configured to be inputs, outputs or bi-directionall/O 
pins. Each of these I/O pins is connected to a mac- 
rocell. The 5C031 contains 8 identical macrocells or- 
ganized as shown in Figure 1. 


Each macrocell (see Figure 2) consists of a PLA 
(programmable logic array) block and an I/O archi- 
tecture block, which contains a "0" type register. 
The PLA block consists of eight 36-input AND gates 
(TRUE & COMPLEMENT of 10 dedicated inputs 
plus the 8 feedback inputs from the eight macro- 
cells), feeding into an OR gate. The output of this 
PLA block is fed into the I/O architecture block. The 
different I/O and feedback options that are achiev- 
able from the 5C031 I/O 
block 
are shown in 
Figure 3. 
• 
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Figure 1. 5C031 Architecture 
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The 5C031 
is architected 
to be a logical 
superset 
of most 20 pin bipolar 
programmable 
array logic (PAL *) 
devices. 
The 
I/O 
and logic sections 
of the 5C031 
device 
can be configured 
to emulate 
any of the devices 
listed below. Designers 
can make use of this feature 
by reducing 
the power of PAL based systems 
(PLDs are 
much lower power), 
replacing 
multiple 
PAL inventory 
items with a single PLD. Designers 
can also create 
new 
20 pin PLD configurations 
by utilizing the individual 
logic and output 
controls 
of each macrocell. 


List of PAL devices 
logically 
compatible 
with the 5C031. 
10H8 
16L2 
12H6 
16L8 
14H4 
16R8 
16H2 
16R6 
16H8 
16R4 
16C1 
16P8A 
10LB 
16RP8A 
12L6 
16RP6A 
14L4 
16RP4A 


• 
• 
• 
Prior to programming or after erasing, the I/O struc- 
ture is configured for combinatorial active low output 
with input (pin) feedback. 


Erasure characteristics of the 5C031 are such that 
erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000A. It 
should be noted that sunlight and certain types of 
flourescent lamps have wavelengths in the 3000- 
4000A. Data shows that constant exposure to room 
level f10urescent lighting could erase the typical 
5C031 in approximately three years, while it would 
take approximately one week to cause erasure when 
exposed to direct sunlight. If the 5C031 is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, conductive opaque labels 
should be placed over the device window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 5C031 
is exposure to shortwave ultraviolet light with a 
wavelength of 2537A. The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a 
minimum of fifteen (15) Wsec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12,000 ]JoW/cm2 
power rating. The 5C031 should be placed within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated dose the 5C031 can be exposed to 
without damage is 7258 Wsec/cm2 
(1 week at 
12,000 ]JoW/cm2).Exposure to high intensity UV light 
for longer periods may cause permanent damage to 
the device. 


Initially, and after erasure, all the EPROM control 
bits of the 5C031 are connected (in the "1" state). 
Each of the connected control bits are selectively 
disconnected by programming the EPROM cells into 
their "0" state. Programming voltage and waveform 
specifications are available by request from Intel to 
support programming of the 5C031. 


Intelligent 
Programming 
Algorithm 


The 5C031 supports the intelligent Programming Al- 
gorithm which rapidly programs Intel LPDs (and 
EPROMs) using an efficient and reliable method. 


This method greatly decreases the o~erall program- 
ming time while programming reliability is ensured as 
the incremental program margin of each bit is con- 
tinually monitored to determine when the bit has 
been successfully programmed. 


Since the logical operation of the 5C031 is con- 
trolled by EPROM elements, the device is complete- 
ly testable. Each programmable EPROM bit control- 
ling the internal logic is tested using application-in- 
dependent test program patterns. After testing, the 
devices are erased before shipment to customers. 2 
No post-programming tests of the EPROM array are 
required. 


The testability and reliability of EPROM-based pro- 
grammable logic devices is an important feature 
over similar devices based on fuse technology. 
Fuse-based programmable logic devices require a 
user to perform post-programming tests to insure 
proper programming. These tests must be done at 
the device level because of the cummulative error 
effect. For example, a board containing ten devices 
each possessing a 2% device fallout translates into 
an 18% fallout at the board level (it should be noted 
that programming fallout of fuse-based programma- 
ble logic devices is typically 2% or higher). 


For proper operation, it is recommended that all in- 
put and output pins be constrained to the voltage 
range GND < (VINor VOUT)< Vcc. Unused inputs 
should be tied to an appropriate logic level (e.g. ei- 
ther Vcc or GND) to minimize device power con- 
sumption. Reserved pins (as indicated in the iPLDS 
REPORT file) should be left floating (no connect) so 
that the pin can attain the appropriate logic level. A 
power supply decoupling capacitor of at least 0.2 ]JoF 
must be connected directly between Vcc and GND 
pins of the device. 


As with all CMOS devices, ESD handling procedures 
should be used with the 5C031 to prevent damage 
to the device during programming, assembly, and 
test. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


All of the input, I/O, and clock pins of the 5C031 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The 5C031 is de- 
signed with Intel's proprietary CMOS II-E EPROM 
process. Thus, each of the 5C031 pins will not expe- 
rience latch-up with currents up to 100 mA and volt- 
ages ranging from -1V 
to (Vcc + 1V). Further- 
more, the programming pin is designed to resist 
latch-up to the 13.5V maximum device limit. 


INTEL 
PROGRAMMABLE 
LOGIC 
SOFTWARE 
SUPPORT 


Full logic compilation and functional simulation for 
the 5C031 is supported by PLDshell Plus software. 


PLDshell Plus design software is Intel's new, user- 
friendly design tool for fJ-PLDdesign. PLDshell Plus 
allows users to incorporate their preferred text edi- 
tor, programming software, and additional design 
tools into a easy-to-use, menued design environ- 
ment that includes Intel's PLDasm logic compiler 
and simulation software along with disassembly, 
conversion and translation utilities. The PLDasm 
compiler and simulator software accepts industry- 
standard PDS source files that express designs as 
Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes, and 
error message information, along with waveform 
viewing/printing capability make the design task as 
easy as possible. PLDshell Plus software is available 
from Intel Literature channels or from your local Intel 
sales representative. 


Tools that support schematic capture and timing 
simulation for the 5C031 are available. Please refer 
to the "Development Tools" section of the Program- 
mable Logic handbook. 


'The 
5C031 is also supported by third-party logic 


compilers such as ABEL', 
CUPL', 
PLDesigner', 


Log/IC', 
etc. Programming support is provided by 


third-party programmer companies such as Data 
I/O, Logical Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 


Logic handbook for complete information and ven· 
dor contacts. 


tpD 
tea 
fMAX 
Order 
Package 
Operating 
(n5) 
(n5) 
(MHz) 
Code 
Range 


40 
24 
29.5 
D5C031-40 
CERDIP 
Commercial 


50 
28 
22.5 
D5C031-50 
CERDIP 
Commercial 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operpting 
Conditions" 
is not recommended 
and ex- 
tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
UnIts 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tSlg 
Storage Temperature 
-65 
+150 
'C 


tamb 
Ambient Temperature(3) -10 
+85 
'C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the in- 
puts may undershoot to -2.0V 
or overshoot to 7.0V for 
periods less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also 
available. 
RECOMMENDED 
OPERATING 
CONDITIONS 


Symbol 
Parameter 
Min 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
'0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
°C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter/Test 
Conditions 
Min 
Typ 
Max 
Unit 


VIH(4) 
High Level Input Voltage 
2.0 
Vcc + 0.3 
V 


VIL(4) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(5) 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 4.0 mA D.C., VCC = min. 


II 
Input Leakage Current 
±10 
/LA 
Vcc = max., GND < VIN < Vcc 


• 


Symbol 
Parameter/Test 
Conditions 
Min 
Typ 
Max 
Unit 


loz 
Output Leakage Current 
±10 
IJ-A 


Vcc = max., GND < VOUT < Vcc 


ISC(6) 
Output Short Circuit Current 
10 
mA 


Vcc = max., VOUT = 0.5V 


Icc 
Power Supply Current 
15 
40 
mA 


Vcc = max., VIN = Vcc or GND 
No Load, Input Freq. = 1 MHz 
Device prog. as 8-bit Ctr. 


NOTES: 
4. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
5.10 at CMOS levels (3.84V) = -2 mA. 
6. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 


l~-T[ST 
PO,NTS-E 


290154-7 
CL (INCLUDES 
JIG 
CAPACITANCE) 


A.C. Testing: Inputs are Driven at3.0V for a Logic "1" and OVfor 
a Logic "0". Timing Measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0" on inputs. Outputs are measured at 
a 1.5V point. Device input rise and fail times < 6 ns. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


COUT 
Output Capacitance 
VOUT = OV, f = 1.0 MHz 
20 
pF 


CCLK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


Cvpp 
Vpp Pin 
Pin 11 
50 
pF 


5C031-40 
5C031-50 


Symbol 
From 
To 
EP310-3 
EP310 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 


tpD 
I/O 
Comb. Output 
40 
50 
ns 


tpZX(6) 
lor 
I/O 
Output Enable 
40 
50 
ns 


tpXZ(6) 
lor 
I/O 
Output Disable 
40 
50 
ns 


telA 
Asynch 
Reset 
a Reset 
40 
50 
ns 


NOTES: 
7. Typical 
Values 
are at TA = 2S'C, Vcc = SV, Active 
Mode 


6. tpzx 
and tpxz 
are measured 
at ± O.SV from 
steady 
state 
voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 
CL = S pF. 


SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 


TA = O·C to + 70·C, VCC = 5..0V ± SOlo, Turbo 
Bit On(7) 


5C031-40 
5C031-50 


Symbol 
Parameter 
EP310-3 
EP310 
Unit 


Mln 
Typ 
Max 
Min 
Typ 
Max 


fMAX 
Max. Frequency 
(Pipelined) 
29.4 
22.7 
MHz 
1/(tel 
+ teH)- 
No Feedback 


fCNT 
Max. Count Frequency 
22.2 
18.1 
MHz 
1/tCNT - 
With Internal Feedback 


tsu 
I/O Setup Time to ClK 
30 
32 
ns 


tH 
I or I/O Hold after ClK 
High 
0 
0 
ns 


tea 
ClK 
High to Output Valid 
24 
28 
ns 


tCNT 
Register Output Feedback 
to 
45 
55 
ns 
Register 
Input - 
Internal Path 


teH 
ClK 
High Time 
17 
22 
ns 


tel 
ClKlowTime 
17 
22 
ns 


tSET 
ClK 
High to Synch. a Set 
24 
28 
ns 


• 
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• High-Density, 
Low-Power 
Replacement 
• Programmable 
"Security 
Bit" Allows 
for SSI & MSI Devices 
and Bipolar PLDs 
Total Protection 
of Proprietary 
Designs 
• Up to 18 Inputs (10 Dedicated 
& 8 1/0) 
• Icc (standby) 
100 p,A (max) 
and 8 Outputs 
Ice (10 MHz) 25 mA (max) 
• Eight Macrocells 
with Programmable 
• 100% Generically 
Tested 
EPROM 
Logic 
1/0 Architecture 
Control 
Array 
• tpD = 30 ns (max), 43.5 MHz Pipelined, 
• 20-pin 0.3" Ceramic 
and Plastic DIP 
28.5 MHz with Feedback 
Package 
• Low Power 
Upgrade 
for All Commonly 
(See Packaging 
Spec., 
Order 
# 240800) 


Used 20-pin PLDs 
Package 
Type 
D and P 


CMOS EPROM Technology 
Based UV 
• 100% Compatible 
with EP320 
• Erasable 
(CerDIP) 


INPUT/eLK 
Vcc 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


INPUT 
I/O 


GND 
I/Vpp 
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The Intel 5C032 is an 8-macrocell, 20-pin, general- 
purpose PLO (Programmable Logic Oevice).This de- 
vice can be used to replace bipolar programmable 
logic arrays and LS TTL and 74HC (CMOS) SSI and 
MSI logic devices. The 5C032 can also be used as a 
direct, low-power replacement for almost all com- 
mon 20-pin fuse-based programmable logic devices. 
With its flexible programmable I/O architecture, this 
device is a superset of common 20-pin PLOs. 


The 5C032 PLO uses CMOS EPROM (floating gate) 
cells as logic control elements instead of fuses. The 
CMOS EPROM technology 
reduces power con- 


sumption of PLOsto less than 20% of a comparable 
bipolar device without sacrificing speed perform- 
ance. In addition, the use of Intel's advanced CMOS 
II-E EPROM process technology enables greater 
logic densities to be achieved with superior speed 
and low-power performance over other comparable 
devices. Intel's 5C032 has the benefit of "zero" 
stand-by power not available on other programma- 
ble logic devices. EPROM technology allows these 
devices to be 100% factory tested by programming 
and erasing all the EPROM logic control elements. 


The 5C032 with its superior speed and power per- 
formance and its plastic package is an ideal produc- 
tion vehicle for high-volume manufacturing. Most 
commonly used 20-pin bipolar PLOs can be easily 
replaced with this device allowing for tremendous 
power 
consumption 
savings 
without 
sacrificing 


speed of operation. 


The architecture of the 5C032 is based on the "Sum 
of Products" PLA (Programmable Logic Array) struc- 
ture with a programmable AND array feeding into a 
fixed OR array. This device can accommodate both 
combinational and sequential logic functions. A pro- 
prietary programmable I/O architecture provides in- 
dividual selection of either combinational or regis- 
tered output and feedback signals, all with select- 
able polarity. 


The 5C032 contains 10 dedicated inputs as well as 8 
input/output pins. These I/O pins can be individually 
configured to be inputs, outputs or bi-directional I/O 
pins. Each of these I/O pins is connected to a mac- 
rocell. The 5C032 contains 8 identical macrocells or- 
ganized as shown in Figure 1. 


Each macrocell (see Figure 2) consists of a PLA 
(programmable logic array) block and an I/O archi- 
tecture block, which contains a "0" type register. 
The PLA block consists of eight 36-input AND gates 
(TRUE & COMPLEMENT of 10 dedicated inputs 
plus the 8 feedback inputs from the eight macro- 
cells), feeding into an OR gate. The output of this 
PLA block is fed into the I/O architecture block. The 
different I/O and feedback options that are available 
in the 5C032 I/O block are shown in Figure 3. • 
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Figure 1. 5C032 Architecture 


2-246 
I 


intel~ 


3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 
31 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 


OE: 


0', 


t', 


." 
2' 
iC 
, 


"U 
C 
:u 
.. 
CD g 3 
~ 
C 
r- 
() 
0 
--l 


lO 
--l 4 
n 
fTl:u 
~ 
~ 
5 
.... 
llJ'< 
3C 
6 
llJ0.. 
0 
7 
0 
~ 
~ 
<~ 
<~ 
~ 
~ 
<~ 
~ 
~ 
~ 
(~ 
<~ 
~ 
~ 
~ 
< •.•• 
<~ 
I. 
I. 
~ ~ 
~ 1 ~ ~ ~ 
~ ~ ~ 
~ 
~ ~ ~ 
~ 
~~~ 


2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
13 
14 
15 
16 
17 


33 
35 


32 
34 r-"\ 
1+-+-+-lHf-+-+++-1--1-I-H--+-+--+-+-+-~H---4-+-+-+--+-+-+-l--lf-+-+-+-+-H 
)------+----, 
::::::::::::::::::::§ 


t++-+-t--+-+-+-+--+-+-+-+--+-+-+-+--+-+-+-+--+-+-+-+--+-+-+-+--+-+-+-+--+-+--+-H5D 


H-t-t-t-t-t---t-+-t-+-+-+-t-+-+-+--++-++-+-t-t--t-+-t-+-t-++-+-+-t-+--++t5 


~ 
< •.••0 
~ ~~T 
~---:='::":"':~----' 


ARCHITECTURE 
CONTROL 
(SEE FIG. 3) 


I/o 
ARCHITECTURE 
BLOCK 
I 


_. 
€: 


8 


PRODUCT 
TERIl4S 


The 5C032 is architected 
to be a logical superset of most 20 pin bipolar programmable 
array logic (PAL *) 
devices. The I/O and logic sections of the 5C032 device can be configured 
to emulate any of the devices 
listed below. Designers can make use of this feature by reducing the power of PAL based systems (PLDs are 
much lower power), replacing multiple PAL inventory items with a single PLD. Designers can also create new 
20 pin PLD configurations 
by utilizing the individual logic and output controls of each macrocell. 


List of PAL devices logically compatible 
with the 5C032. 
16V8 
16L2 
10H8 
16L8 
12H6 
16R8 
14H4 
16R6 
16H2 
16R4 
16H8 
16P8A 


16C1 
16RP8A 
10LB 
16RP6A 
12L6 
16RP4A 


14L4 


Prior to programming or after erasing, the I/O struc- 
ture is configured for combinatorial active low output 
with input (pin) feedback. 


Erasure characteristics of the 5C032 are such that 
erasure begins to occur upon exposure to light with 
wavelengths shorter than approximately 4000A. It 
should be noted that sunlight and certain types of 
f10urescent lamps have wavelengths in the 3000- 
4000A. Data shows that constant exposure to room 
level flourescent lighting could erase the typical 
5C032 in approximately three years, while it would 
take approximately one week to cause erasure when 
exposed to direct sunlight. If the 5C032 is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, conductive opaque labels 
should be placed over the device window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 5C032 
is exposure to shortwave ultraviolet light with a 
wavelength of 2537A. The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a 
minimum of fifteen (15) Wsec/ cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12,000 IJoW/cm2 
power rating. The 5C032 should be placed within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated dose the 5C032 can be exposed to 
without damage is 7258 Wsec/cm2 
(1 week at 
12,000 IJoW/cm2).Exposure to high intensity UV light 
for longer periods may cause permanent damage to 
the device. 


Initially, and after erasure, all the EPROM control 
bits of the 5C032 are connected (in the "1" state). 
Each of the connected control bits are selectively 
disconnected by programming the EPROM cells into 
their "0" state. Programming voltage and waveform 
specifications are available by request from Intel to 
support programming of the device. 


Intelligent 
Programming 
Algorithm 


The 5C032 supports the Intelligent Programming Al- 
gorithm which rapidly programs Intel H-ELPDs (and 
EPROMs) using an efficient and reliable method. 
The Intelligent Programming Algorithm is particularly 
suited to the production programming environment. 


InlSmetnoOgreatly oecreases tne overall program- 
ming time while programming reliability is ensured as 
the incremental program margin of each bit is con- 
tinually monitored to determine when the bit has 
been successfully programmed. 


Since the logical operation of the 5C032 is con- 
trolled by EPROM elements, the device is complete- 
ly testable. Each programmable EPROM bit control- 
ling the internal logic is tested using application-in- 
dependent test program patterns. After testing, the 
devices are erased before shipment to customers. 
No post-programming tests of the EPROM array are 
required. 
• 


The testability and reliability of EPROM-based pro- 
grammable logic devices is an important feature 
over similar devices based on fuse technology. 
Fuse-based programmable logic devices require a 
user to perform post-programming tests to insure 
proper programming. These tests must be done at 
the device level because of the cummulative error 
effect. For example, a board containing ten devices 
each possessing a 2% device fallout translates into 
an 18% fallout at the board level (it should be noted 
that programming fallout of fuse-based programma- 
ble logic devices is typically 2% or higher). 


For proper operation, it is recommended that all in- 
put and output pins be constrained to the voltage 
range GND < (VIN or Vour) < Vcc. Unused inputs 
should be tied to an appropriate logic level (e.g. ei- 
ther Vcc or GND) to minimize device power con- 
sumption. Reserved pins (as indicated in the iPLDS 
REPORT file) should be left floating (no connect) so 
that the pin can attain the appropriate logic level. A 
power supply decoupling capacitor of at least 0.2 IJoF 
must be connected directly between Vcc and GND 
pins of the device. 


As with all CMOS devices, ESD handling procedures 
should be used with the 5C032 to prevent damage 
to the device during programming, assembly, and 
test. 


A single EPROM bit provides a programmable de- 
sign security feature that controls the access to the 
data programmed into the device. If this bit is set, a 
proprietary design within the device cannot be cop- 
ied. This EPROM security bit enables a higher de- 
gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 


ble even to microscopic 
evaluation. 
The EPROM se- 
curity 
bit, along 
with 
all the 
other 
EPROM 
control 
bits, will be reset by erasing 
the device. 


The 5C032 contains 
a programmable 
bit, the Turbo 
Bit, that optimizes 
operation 
for speed 
or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 
(TURBO 
= ON), the device 
is optimized 
for maxi- 
mum speed. When the Turbo bit is not programmed 
(TURBO 
= OFF), the device 
is optimized 
for power 
savings 
by entering 
standby 
mode during periods 
of 
inactivity. 


Figure 
4 shows 
the device 
entering 
standby 
mode 
approximately 
100 ns after the last input transition. 


When 
the next input transition 
is detected, 
the de- 
vice returns 
to active 
mode. 
Wakeup 
time adds an 
additional 
15 ns to the 
propagation 
delay 
through 
the device 
as measured 
from the first input. No de- 
lay will occur if an output is dependent 
on more than 
one input and the last of the inputs changes 
after the 
device 
has returned 
to active 
mode. 


After erasure, the Turbo Bit is unprogrammed 
(OFF); 
automatic 
standby 
mode is enabled. 
When the Tur- 
bo Bit is programmed 
(ON), the device 
never enters 
standby 
mode. 


All of the 
input, 
1/0, 
and clock 
pins of the 5C032 
have been designed 
to resist latch-up which is inher- 
ent in inferior 
CMOS 
structures. 
The 5C032 
is de- 
signed 
with 
Intel's 
proprietary 
CMOS 
II-E EPROM 


FIRST 
f 
INPUT 
OR I/O 
_ 


LAST 
INPUT 
OR I/O 
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process. 
Thus, each of the 5C032 pins will not expe- 
rience 
latch-up 
with 
currents 
up to 
± 100 mA and 
voltages 
ranging from 
-1 V to (Vcc + 1V). Further- 
more, 
the 
programming 
pin 
is designed 
to 
resist 
latch-up 
to the 13.5V maximum 
device 
limit. 


Full logic compilation 
and functional 
simulation 
for 
the 5C032 is supported 
by PLDshell 
Plus software. 


PLDshell 
Plus design software 
is Intel's 
user-friendly 
design 
tool for fLPLD design. 
PLDshell 
Plus allows 
users to incorporate 
their preferred 
text editor, 
pro- 
gramming 
software, 
and additional 
design tools 
into 
an easy-to-use, 
menued 
design environment 
that in- 


cludes 
Intel's 
PLDasm 
logic compiler 
and simulation 
software 
along 
with 
disassembly, 
conversion, 
and 
translation 
utilities. The PLDasm compiler 
and simu- 
lator 
software 
accepts 
industry-standard 
PDS 
source 
files that express 
designs 
as Boolean 
equa- 
tions, truth tables, 
or state 
machines. 
On-line 
help, 


datasheet 
briefs, 
technical 
notes, 
and 
error 
mes- 
sage 
information, 
along 
with 
waveform 
viewing I 
printing 
capability 
make the design 
task as easy as 
possible. 
PLDshell 
Plus software 
is available 
from 
Intel 
Literature 
channels 
or from 
your 
local 
Intel 


sales representative. 


Tools 
that 
support 
schematic 
capture 
and 
timing 
simulation 
for the 5C032 are available. 
Please refer 
to the "Development 
Tools" 
section 
of the Program- 
mable 
Logic handbook. 


ACTIVE to40DE 
lee 


The 5C032 
is also supported 
by third-party 
compil- 
ers such 
as ABEL'. 
CUPL', 
PLDesigner', 
Log/IC, 
etc. Programming 
support 
is provided 
by third-party 
programmer 
companies 
such 
as Data 
I/O, 
Logical 
Devices, 
STAG, etc. Please refer to the "Third-Party 
Support" 
lists in the Programmable 
Logic handbook 


for complete 
information 
and vendor 
contacts. 


tpD 
teo 
fMAX 
Order 
Package 
Operating 
(n8) (n8) (MHz) 
Code 
Range 


30 
17 
43.5 
D5C032-30 
CERDIP 
Commercial 


P5C032-30 
PDIP 


35 
20 
40 
D5C032-35 
CERDIP 
Commercial 


P5C032-35 
PDIP 


40 
24 
33.3 
D5C032-40 
CERDIP 
Commercial 


P5C032-40 
PDIP 


35 
20 
40 
TP5C032-35 
PDIP 
Industrial 


•ABEL is a trademark of Data lID, Corp. CUPL is a trademark of Logical Devices, Inc. PLDesigner is a trademark of MINC, Inc. 
LogIIC is a trademark of ISDATA, Incorporated. 
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Symbol 
Parameter 
Mln 
Max 
Unit 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 


Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tstg 
Storage 
Temperature 
-65 
+150 
·c 


tamb 
Ambient 
Temperature(4) 
-10 
+85 
·c 


I •.•auv" •• alt' 
""Lll'"'' 
'u "''''"y'' WllIIUU, Ilbuce.- 
- 
I 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


NOTES: 
1. Voltages 
with respect 
to ground. 
2. Minimum 
DC input 
is -0.5V. 
During 
transitions. 
the 
in- 
puts may undershoot 
to 
- 2.0V or overshoot 
to 
+ 7.0V for 
periods 
less than 20 ns under 
no load conditions. 
3. 
Under 
bias. 
Extended 
temperature 
versions 
are 
also 
available. 
4. Extended 
temperature 
versions 
also available. 


Symbol 
Parameter 
Min 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Va 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 


tR 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


Symbol 
Parameter/Test 
Conditions 
Min 
Typ 
Max 
• 
Unit 
. 


VIH(5) 
High Level Input Voltage 
2.0 
Vcc + 0.3 
V 


VIL(5) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
High Level Output Voltage 
2.4 
V 
10 = -4.0 
mA D.C., Vcc = min. 


VOL 
Low Level Output Voltage 
0.45 
V 
10 = 4.0 mA D.C., Vcc = min. 


II 
Input Leakage Current 
±10 
p.A 


VCC = max., GND < VIN < VCC 


loz 
Output Leakage Current 
±10 
p.A 


Vcc = max., GND < VOUT < Vcc 


Isc(7) 
Output Short Circuit Current 
10 
mA 
VCC = max., VOUT = 0.5V 


IS6(8) 
Standby Current 
10 
100 
p.A 


Vcc = max., VIN = VCC or GND, 
Standby 
Mode 


Icd9) 
Power Supply Current 
15 
25 
mA 


Vcc = max., VIN = VCC or GND, 
No Load, Input Freq. = 10 MHz 
Active Mode (Turbo = Off), 
Device Prog. as 8-bit Ctr. 


NOTES: 
5. Absolute values with respect to device GND; all over- and undershoots due to system or tester noise are included. 
6.10 at CMOS levels (3.84V) = -2 
mA. 
7. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
8. With Turbo 6it = Off, device automatically enters standby mode approximately 100 ns after last input transition. 
9. Maximum Active Current at operational frequency is less than 40 mA. 


OUTPUT l~-TEST 
POINTS-~ 


290155-7 
CL (INCLUDES 
JIG 
CAPACITANCE) 


A.C. Testing: Inputs are Driven at 3.0V for a Logic "1" and OV for 
a Logic "0". Timing Measurements are made at 2.0V for a Logic 
"1" and O.BV for a Logic "0" on inputs. Outputs are measured at 
a 1.5V point. Device input rise and fall times < 6 ns. 
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Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
10 
pF 


CaUT 
Output Capacitance 
VaUT = OV, f = 1.0 MHz 
10 
pF 


CClK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
10 
pF 


Cvpp 
Vpp Pin 
Pin 11, f = 1.0 MHz 
20 
pF 


5C032-30 
5C032-35 
5C032-40 
Non·(8) 


Symbol 
From 
To 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


tpD 
lor 
I/O 
Comb. Output 
30 
35 
40 
+15 
ns 


tpZX(11) 
lor 
I/O 
Output Enable 
30 
35 
40 
+15 
ns 


tpXZ(11) 
lor 
I/O 
Output Disable 
30 
35 
40 
+15 
ns 


NOTES: 
10. Typ. values are at TA = 2S·C. Vcc = SV, Active Mode. 
11. tpzx and tpxz are measured at ± O.SVfrom steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. 


5C032-30 
5C032·35 
5C032-40 
Non·(8) 
Symbol 
Parameter 
EP320·1 
EP320-2 
Turbo 
Unit 


Min 
Typ 
Max 
Min 
Typ 
Max 
Min 
Typ 
Max 
Mode 


fMAX 
Max. Frequency 
(Pipelined) 
43.5 
40 
33.3 
MHz 
1/tsu 
- 
No Feedback 


fCNT 
Max. Count Frequency 
28.5 
25 
21.7 
MHz 
1/teNT - 
with Internal Feedback 


tsu 
Input Setup Time to ClK 
23 
25 
30 
+15 
ns 


tH 
lor 
I/O Hold after ClK 
High 
0 
0 
0 
ns 


tea 
ClK 
High to Output Valid 
17 
20 
24 
ns 


teNT 
Register Output Feedback 
to 
35 
40 
46 
+15 
ns 
Register 
Input - 
Internal Path 


teH 
ClK 
High Time 
11 
12 
15 
ns 


tel 
ClK 
low 
Time 
11 
12 
15 
ns 
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HIGH It.lPEDANCE 


3- 
STATE 


HIGH It.lPEDANCE 


3- 
STATE 


(fROt.l 
REGISTER 
TO OUTPUT) 


• 


\"urren( 
In "elallOn 
(0 r-requency 


50 


o 
o 
5 
10 15 20 25 30 35 40 


fCNT<IolHz) 


~urrent In HelatlOn to Temperature 


50 


20 
40 
60 


TEIolP(C) 


Output Drive Current 
In Relation 
to Voltage 


100 


:1 


50 
40 
~ 
30 
c: 
20 
~" 
10 
u~"~ 
5 
" 
4 
0 
3 
~ 
2 


"- 
/ 
t--...IOH 


'tOL 
...... 


I\. 


234 


Vo Output Voltage(V) 


12n. 


10n. 
~ 
8n. 
Q.,.. 
t:- 
,g 
6n • 
•. 
0 
c 
o4n. 
~ 


2n. 


On. 


CondItion.: 
50pF 
TA= 25"C 
VCC= 5.0V 


Low-to-Hlgh 
Hlgh-to-Low 


16-MACROCELL CMU:) t'LU 
• High-Performance 
LSI Semi-Custom 
• 8 P-Terms, 
Selectable 
SOP Invert, 
Clear 
Logic Alternative 
to Low-End 
Gate 
and OE P-Terms 
for Each Macrocell 
Arrays, 
TTL, and 74HC SSI and MSI 
• Programmable 
Security 
Bit Allows Total 
Logic 
Protection 
of Proprietary 
Designs 
• 16 Macrocells 
with Programmable 
I/O 
• CMOS EPROM Technology 
Based. UV 
Architecture; 
up to 20 Inputs (4 
Erasable 
(CerDIP) 
or OTP 
Dedicated, 
16 I/O) 
or 16 Outputs 


Programmable 
Output 
Registers 
can be 
• Progammable 
Low Power Option; 
• 
50 /-LATypical 
Standby 
Current 
Configured 
as D, T, SR, or JK Types 


tpD (max) 45 ns, 26.3 MHz Pipelined, 
• 100% Generically 
Tested 
Logic Array 
• 22.2 MHz w/Feedback 
• 100% Compatible 
with EP600 
• Programmable 
Clock System 
with 2 
• Available 
in 24-Pin 300-mil CerDIP/PDIP • 


Synchronous 
Clocks and Asynchro- 
and 28-Pin PLCC Packages 
nous Clocking 
Option on all Registers 
(See Packaging Specifications. Order Number 240800. 
Package Types 0, p. and N) 


CLKI 


INPI 


1/0.9 


1/0.10 


1/0.11 


1/0.12 


1/0.13 


1/0.14 


1/0.15 


1/0.16 


INP2 


GND 


Vcc 


INP4 


1/0.1 


1/0.2 


1/0.3 


1/0.4 


1/0.5 


1/0.6 


1/0.7 


1/0.8 


INP3 


CLK2 


1/0.10 


1/0.1 I 


1/0.12 


1/0.13 


1/0.14 


1/0.15 


NC 


1/0.2 


1/0.3 


1/0.4 


1/0.5 


1/0.6 


1/0.7 


NC 


The Intel 5C060 PLD (Programmable Logic Device) 
is a 16-macrocell, 24-pin, general purpose device. 
The device can be used to replace low-end gate ar- 
rays, multiple programmable logic arrays and L8 
TTL and 74HC (CMOS) S81and MSI logic devices. 
The 5C060 can also be used as a direct, low-power 


intel~ 


replacement for most, common 24-pin fuse-based 
programmable logic devices. With its revolutionary 
programmable I/O architecture, the device has ad- 
vanced functional capabilities beyond that of typical 
programmable logic. Figure 2 shows the global ar- 
chitecture of the device. 


PROGRAt.4t.4ABLE 
AND ARRAY 
4D x 160 


intel~ 


The 5C060 PLD uses CMOS EPROM (floating gate) 
cells as logic control elements instead of fuses. The 
CMOS EPROM technology 
reduces power con· 
sumption of PLDs to less than 20% of a comparable 
bipolar device without sacrificing speed perform- 
ance. 
In addition, 
Intel's 
advanced CMOS II-E 
EPROM process technology enables greater logic 
densities to be achieved with superior speed and 
low-power performance over other comparable de- 
vices. Intel's ELPDs add the benefits of "zero" 
stand·by power not available on other programma- 
ble logic devices. EPROM technology allows these 
devices to be 100% factory tested by programming 
and erasing all the EPROM logic control elements. 


The architecture of the 5C060 is based on the "Sum 
of Products" PLA (Programmable Logic Array) struc- 
ture with a programmable AND array feeding into a 
fixed OR array. The device accommodates combina- 
tional and sequential logic functions. A proprietary 
programmable I/O architecture provides individual 
selection of either-combinatorial or registered output 
and feedback signals all with selectable polarity. 


A feature unique to the 5C060 is the ability to individ- 
ually program the output registers as a D-, T-, SR-, or 
JK-type Flip-Flop without sacrificing the utilization of 
programmable AND logic. Additionally, each output 
register can be individually clocked from any of the 


input or feedback paths available within the AND ar- 
ray. With these features, a wide variety of logic func- 
tions can be simultaneously implemented-all on the 
same device. 


Externally, the 5C060 has 4 dedicated data input 
pins, 16 I/O pins which may be configured for input, 
output, or bidirectional operations, and 2 synchro- 
nous clock inputs. The 5C060 is contained in a 
24-pin windowed package (0.3 inch wide) or 28-lead 
J-Ieaded chip carrier package, and contains 16 pro- 
grammable registers. 


The basic Macrocell architecture for the 5C060 is 
shown in Figure 3. The 5C060 has 16 of these Mac- 2 
rocells (one for each I/O pin). The Macrocell is orga- 
nized in the familiar sum-of-products structure with a 
programmable AND array attached to a fixed OR 
term. The inputs to the programmable AND array 
originate from the true and complement signals from 
each of the dedicated input pins and each of the I/O 
control blocks. The 40-input AND array of the 5C060 
feeds 160 AND gates (product terms) which are dis- 
tributed among the 16 available Macrocells within 
that device. 
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Eight of the ten product 
terms (AND gates) are dedi- 
cated for logic implementation. 
One product 
term on, 


each 
Macrocell 
is used 
for 
RESET 
control 
to the 
output 
register 
associated 
with the 
Macrocell. 
The 
final 
product 
term 
is used 
for OUTPUT 
ENABLE/ 
Asynchronous 
Clock implementation. 


Within 
the AND array, there 
is an EPROM 
connec- 
tion at every intersection 
of an input signal (true and 
complement) 
and a product 
term to a given Macro- 
cell. 
Before 
programming 
an erased 
device, 
every 
EPROM 
connection 
is made 
at every 
intersection. 
But during the programming 
process, 
these connec- 
tions 
are opened 
so that only the desired 
connec- 


tions 
remain. 
Therefore, 
the true or complement 
of 
any input 
signal 
can be connected 
to any product 
term. 
If both the true and complement 
connections 
of any signal are left intact, a logical false results on 
the output of the AND gate. However, 
if both the true 
and complement 
connections 
are open, then a logic 
"don't 
care" 
results 
on the AND 
gate. 
Lastly, 
if all 
the inputs of a product 
term are programmed 
open, 
then a logical 
true results 
on the output 
of the AND 
gate. 


The SC060 has two dedicated 
clock 
inputs to pro- 
vide synchronous 
clock signals to the internal 
regis- 
ters. Each of the clock signals controls 
half the total 
registers 
within the given device. 
For example, 
CLK1 
provides 
synchronous 
clocking 
to the 
registers 
in 
Macrocells 
in the left half of the array while 
CLK2 
controls 
the registers 
associated 
with Macrocells 
in 
the right half of the array. The advanced 
I/O archi- 
tecture 
allows for any number 
of the registers 
to be 
synchronously 
clocked 
(from 
none 
to all). Both 
of 
the dedicated 
clock inputs latch the data into a given 
register 
when triggered 
on a positive 
edge. 


MACROCELL 
ARCHITECTURE 
SELECTION 


The 
SC060 
architecture 
provides 
each 
Macrocell 
with over 50 different 
possible 
I/O 
register 
configu- 
rations. Each I/O pin can be configured 
for combina- 
torial or registered 
output 
(true or complement) 
with 
feedback. 
In addition, 
four different 
types of output 
registers 
can 
be 
implemented 
into 
every 
I/O 
pin 
without 
any additional 
logic requirements. 
The feed- 
back 
mechanism 
for 
each 
register 
back 
into 
the 
AND array can be programmed 
to provide 
for either 
registered 
feedback 
from 
the 
Macrocell 
or 
input 
feedback 
(treating 
the pin as an input). Another 
ad- 
vantage 
of the advanced 
I/O capability 
of the SC060 
is the ability to individually 
clock each internal 
regis- 
ter from asynchronous 
clock 
signals. 


Two 
modes 
of 
operation 
are 
provided 
by 
the 
OE/CLK 
Select Multiplexer 
as a part of each Macro- 
cell. One mode provides 
for three-state 
buffering 
of 
outputs 
while in the other 
mode, the outputs 
are al- 
ways enabled. 
The operation 
of the OE/CLK 
Select 
Multiplexer 
sets the mode within 
a given Macrocell. 


Therefore, 
the output 
mode can be selected 
individ- 
ually 
on every 
output. 
Figure 
4 illustrates 
the 
two 
modes 
of OE/CLK 
operation. 


In Mode 0, the three-state 
output buffer is controlled 
by a single 
product 
term 
originating 
from 
the AND 
array. The output 
is enabled 
when the product 
term 
2 


is a logical 
true. Conversely, 
the output 
appears 
as 
high impedance 
when the product 
term is a logical 
false as shown in Table 
1. In Mode 0, the Macrocell 
Flip-Flop 
is connected 
to its associated 
synchronous 
clock 
(either 
CLK1 
or CLK2 
depending 
upon 
the 
Macrocell's 
location 
within 
the 
device). 
Thus, 
the 
Macrocell 
Flip-Flop 
may be clocked 
by its respective 
synchronous 
clock 
but 
its output 
will 
not 
become 
valid until the output 
is enabled. 


Product Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 
1, the Output 
Buffer 
is always 
enabled. 
In 
addition, 
the Macrocell 
Flip-Flop 
is connected 
to the 
AND array. The Macrocell 
Flip-Flop 
may now be trig- 
gered from an asynchronous 
clock signal generated 
by the AND array logic to the OE/CLK 
multiplexable 
term. 
Mode 
1 allows 
the Macrocell 
Flip-Flops 
to be 
individually 
clocked 
from any of the available 
signals 
in the AND array. Since both true and complement 
values 
appear 
in the AND 
array, the Flip-Flop 
may 
be clocked 
by any positive- 
or negative-going 
signals 
at any input pin. Gated clock 
structures 
can be cre- 
ated since the Flip-Flop 
clock 
is created 
by a prod- 
uct term. 


The 
Invert 
Select 
EPROM 
bit is used to invert 
the 
product 
term input into the register. 
This applies 
to 
all inputs including 
double 
inputs on the JK and SR 
registers. 


ClK 
- SYNCHRONOUS 


ClK 


ClK 
- ASYNCHRONOUS 


ClK 
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The advanced 
I/O architecture 
of the 5e060 
allows 
four different 
register types along with combinatorial 
output 
as illustrated 
in Figure Sa. The register 
types 


include 
aT, 
D, JK, or SR Flip-Flop 
and each Macro- 
cell I/O structure 
may be independently 
configured. 


In addition, 
all registers 
have an individual 
asynchro- 
nous RESET control 
from a dedicated 
product 
term 
derived 
in the AND array. When this dedicated 
prod- 


uct term 
is a logical 
one, the 
Macrocell 
register 
is 


immediately 
cleared 
to a logical zero independent 
of 


the register 
clock. The RESET function 
occurs 
auto- 


matically 
on power-up. 


Output Register Configuration 


The four different 
register types shown in Figure 5b- 
5e are described 
below. 


When either a D- or T-type 
Flip-Flop 
is configured 
as part of the I/O structure, 
all eight of the product 
terms 
into the Macrocell 
are ORed 
together 
and 
fed into the register 
input. 


When either a JK or SR register 
is configured, 
the 
eight 
product 
terms 
are shared 
among 
two 
OR 
gates 
(one for the J or S input and the other 
for 


the K or R input). The allocation 
for these product 


terms 
for each of the register 
inputs 
is optimized 
by the PLDshell 
Plus software. 


The Output Select Multiplexer 
allows for either regis- 


tered, combinatorial 
or no output. 


The 
Feedback 
Select 
Multiplexer 
EPROM 
bit en- 


ables registered. 
I/O 
(using the pin for bidirectional 


input or just input), or no feedback 
to the AND array. 


The Feedback 
Select 
is also important 
for building 
• 
product 
terms 
with 
more 
than 
8 products. 
The 
8- 
product 
product term of a Macrocell 
can be fed back 
into the AND array and combined 
with still more sig- 


nals to create 
a much larger product 
term (of more 
than 8-inputs). 
In addition, 
if the feedback 
product 
term is not to be output, then the PLDshell 
Plus soft- 
ware will reserve 
the associated 
Macrocell 
pin and 
indicate 
it in the REPORT file. A reserved 
pin should 
be left floating 
(no connect) 
when assembled 
onto a 
circuit board. 


Any I/O pin may be configured 
as a dedicated 
input 


by selecting 
no output and pin feedback 
through 
the 
appropriate 
multiplexers. 


OUTPUT/POLARITY 
FEEDBACK 


Combinatorial/High 
Pin. None 
Combinatorial/ 
Low 
Pin. None 
None 
Pin 


,,,,,,, 
I 
------------------~ 


1/0 SELECTION 


OUTPUT/ 
POLARITY 


D-Register/High 
D-Register/Low 


None 
None 


D-Register, 
Pin, None 


D-Register, 
Pin, None 


D-Registered 
Pin 


D 
an 
an + 1 


0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 


SYNCHRONOUS 
CLOCk 


vec 
OE/ClK 
SELECT 


~-------------- -----------~ 
, 
,,,, 
I, 
I,, 
I 


1/0 SELECTION 


OUTPUT/POLARITY 
FEEDBACK 


T-Register/High 
T-Register/Low 
None 
None 


T-Register, 
Pin, None 
T-Register, 
Pin, None 


T-Register 
Pin 


T 
an 
an + 1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


OUTPUT/POLARITY 


JK Register/High 


JK Register/Low 


None 


FEEDBACK 


JK Register, 
None 


JK Register, 
None 


JK Register 


J 
K 
an 
an + 1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 


SYNCHRONOUS 


ClOCK 


vcc 
DE/elK 
SELECT 


H 


~ 


> 


( 


8-H 


~ 


> 


( 


R 
'R 


,lSYHCH. 


INVERT 


RES[T 


SELECT 


OUTPUT/POLARITY 


SR Register/High 
SR Register/Low 


None 


FEEDBACK 


SR Register, 
None 


SR Register, 
None 


SR Register 


S 
R 
an 
an + 1 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
0 


0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 


1 
1 
Illegal 


• 


Prior to programming 
or after erasing, the 1/0 struc- 
ture is configured 
for combinatorial 
active low output 
with input (pin) feedback. 


Erasure 
characteristics 
of the device 
are such that 
erasure 
begins to occur 
upon exposure 
to light with 
wavelengths 
shorter 
than 
approximately 
4000A. 
It 
should 
be noted 
that 
sunlight 
and certain 
types 
of 
flourescent 
lamps have wavelengths 
in the 3000A- 
4000A. 
Data shows that constant 
exposure 
to room 
level flourescent 
lighting 
could erase the typical 
de- 
vice in approximately 
three years, while it would take 
approximately 
one week to cause erasure when ex- 
posed 
to direct 
sunlight. 
If the 
5C060 
is to be ex- 
posed 
to these 
types 
of lighting 
conditions 
for ex- 
tended 
periods 
of time, 
conductive 
opaque 
labels 
should be placed over the device window 
to prevent 
unintentional 
erasure. 


The recommended 
erasure procedure 
for the 5C060 
is 
exposure 
to 
shortwave 
ultraviolet 
light 
with 
a 
wavelength 
of 2537 A. The integrated 
dose (Le., UV 
intensity 
x exposure 
time) for erasure 
should 
be a 
minimum 
of 
fifteen 
(15) 
Wsec/cm2. 
The 
erasure 
time with this dosage 
is approximately 
15 to 20 min- 
utes using an ultraviolet 
lamp with a 12,000 p.W/cm2 
power 
rating. 
The 
5C060 
should 
be placed 
within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated 
dose the 5C060 can be exposed 
to 
without 
damage 
is 
7258 
Wsec/cm2 
(1 
week 
at 
12,000 p.W/cm2). 
Exposure 
to high intensity 
UV light 
for longer periods 
may cause permanent 
damage 
to 
the device. 


Initially, 
and 
after 
erasure, 
all the 
EPROM 
control 
bits of the 5C060 
are connected 
(in the "1" 
state). 
Each 
of the 
connected 
control 
bits are selectively 
disconnected 
by programming 
the EPROM cells into 
their "0" 
state. 
Programming 
voltage 
and waveform 
specifications 
are available 
by request 
from 
Intel to 
support 
programming 
of the 5C060. 


The 5C060 supports 
the Intelligent 
Programming 
Al- 
gorithm which rapidly programs 
Intel ELPDs using an 
efficient 
and 
reliable 
method. 
The 
Intelligent 
Pro- 
gramming 
Algorithm 
is particularly 
suited to the pro- 
duction 
programming 
environment. 
This method 
en- 
sures 
reliability 
as the incremental 
program 
margin 
of each 
bit 
is continually 
monitored 
to 
determine 
when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
5C060 
is 
controlled 
by EPROM 
elements, 
the device 
is com- 


pletely 
testable. 
Each 
programmable 
EPROM 
bit 
controlling 
the internal 
logic is tested 
using applica- 


tion-independent 
test 
program 
patterns. 
After 
test- 
ing, the devices 
are erased 
before 
shipment 
to cus- 
tomers. 
No post-programming 
tests 
of the EPROM 
array are required. 


The testability 
and reliability 
of EPROM-based 
pro- 
grammable 
logic 
devices 
is an 
important 
feature 
over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 
user to 
perform 
post-programming 
tests 
to insure 
proper 
programming. 
These 
tests 
must be done 
at 
the device 
level 
because 
of the cummulative 
error 
effect. 
For example, 
a board containing 
ten devices 
each possessing 
a 2% device fallout 
translates 
into 
an 18% fallout 
at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 
ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 
put and output 
pins be constrained 
to the voltage 
range GND < (VIN or Your) 
< Vcc. 
Unused 
inputs 
and II0s should 
be tied to Vcc 
or GND to minimize 
device 
power 
consumption. 
Reserved 
pins (as indi- 
cated 
in the logic compiler 
REPORT 
file) should 
be 
left floating 
(no connect) 
so that the pin can attain 
the appropriate 
logic level. 
A power 
supply 
decou- 
piing capacitor 
of at least 0.2 p.F must be connected 
directly 
between 
Vcc 
and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 
should 
be used with the 5C060 to prevent 
damage 
to the 
device 
during 
programming, 
assembly, 
and 
test. 


A single 
EPROM 
bit provides 
a programmable 
de- 
sign security 
feature 
that controls 
the access 
to the 
data programmed 
into the device. 
If this bit is set, a 
proprietary 
design within 
the device 
cannot 
be cop- 
ied. This EPROM 
security 
bit enables 
a higher 
de- 
gree 
of design 
security 
than 
fused-based 
devices 


intel~ 


since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


The 5C060 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 
(TURBO = ON), the device is optimized for maxi- 
mum speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 6 shows the device entering standby mode 
approximately 100 ns after the last input transition. 
When the next input transition is detected, the de- 
vice returns to active mode. Wakeup time adds an 
additional 25 ns to the propagation delay through 
the device as measured from the first input. No de- 
lay will occur if an output is dependent on more than 
one input and the last of the inputs changes after the 
device has returned to active mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


FIRST t 
INPUT 
OR I/O 
_ 


LAST 
INPUT 
OR I/O 


All of the input, I/O, and clock pins of the 5C060 
have been designed to resist latch-up which is inher- 
ent in inferior CMOS structures. The 5C060 is de- 
signed with Intel's proprietary CMOS II-E EPROM 
process. Thus, each of the pins will not experience 
latch-up with currents up to ± 100 mA and voltages 
ranging from -W 
to (Vcc + W). Furthermore, the 
programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


Full logic compilation and functional simulation for 
the 5C060 is supported by PLDshell Plus software. 


PLDshell Plus design software is Intel's user-friendly 
design tool for J-C-PLD 
design. PLDshell Plus allows 
users to incorporate their preferred text editor, pro- 
gramming software, and additional design tools into 
an easy-to-use, menued design environment that in- 
cludes Intel's PLDasm logic compiler and simulation 
software along with disassembly, conversion, and 
translation utilities. The PLDasm compiler and simu- 
lator 
software 
accepts 
industry-standard 
PDS 
source files that express designs as Boolean equa- 
tions, truth tables, or state machines. On-line help, 
data sheet briefs, technical notes, and error mes- 
sage information, along with waveform viewing/ 
printing capability make the design task as easy as 
possible. PLDshell Plus software is available from 
Intel Literature channels or from your local Intel 
sales representative. 


STANDBY MODE 
IS8 
ACTIVE MODE 
Ice 


Tools 
that 
support 
schematic 
capture 
and 
timing 
simulation 
for the SC060 are available. 
Please refer 
to the "Development 
Tools" 
section 
of the Program- 
mable 
Logic Handbook. 


The 
sC060 
is also 
supported 
by third-party 
logic 
compilers 
such 
as 
ABEL 0, 
CUPL 0, 
PLDesignero. 
Log/ICO, 
etc. 
Programming 
support 
is provided 
by 
third-party 
programmer 
companies 
such 
as 
Data 
liD, Logical 
Devices. 
STAG, etc. Please refer to the 
"Third-Party 
Support" 
lists 
in 
the 
Programmable 
Logic 
handbook 
for complete 
information 
and ven- 
dor contacts. 
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tpD 
teo 
'MAX 
Order 
Package 
Operating 
(ns) 
(ns) 
(MHz) 
Code 
Range 


45 
22 
26 
D5C060-45 
CERDIP 
Commercial 


P5C060-45 
PDIP 


N5C060-45 
PLCC 


55 
25 
23 
D5C060-55 
CERDIP 
Commercial 


P5C060-55 
PDIP 


N5C060-55 
PLCC 


45 
22 
26 
TD5C060-45 
CERDIP 
Industrial 


45 
22 
26 
TN5C060-45 
PLCC 
Industrial 


°Abel is a trademark 
of Data I/O, Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 
Log/IC 
is a trademark 
of ISDATA, 
Inc. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tstQ 
Storage Temperature 
-65 
+150 
'e 


tamb 
Ambient Temperature(3) 
-10 
+85 
'e 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the inputs may undershoot to -2.0V or overshoot to 7.0V for periods less 
than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vee 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vee 
V 


Vo 
Output Voltage 
0 
Vee 
V 


TA 
Operating 
Temperature 
0 
+70 
'C 
tR(4) 
Input Rise Time 
500 
ns 
tF(4) 
Input Fall Time 
500 
ns 


NOTE: 
4. tR, tF for elK 
is 250 ns max. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


VIH(5) 
HIGH Level Input Voltage 
2.0 
Vee + 0.3 
V 


Vll(5) 
LOW Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
HIGH Level Output Voltage 
10 = -4.0 
mA DC, Vee = Min. 
2.4 
V 


VOL 
LOY" Level Output Voltage 
10 = 4.0 mA DC, Vee = Min. 
0.45 
V 


II 
Input Leakage Current 
Vee = Max., GND < VIN < Vee 
±10.0 
jJoA 


loz 
Output 
Leakage Current 
Vee = Max., GND < VOUT < Vee 
±10.0 
jJoA 


Isel7) 
Output Short Circuit Current 
Vee = Max., VOUT = 0.5V 
20 
30 
mA 


15B(8) 
Standby 
Current (Standby) 
Vee = Max., VIN = Vee or GND 
50 
100 
jJoA 


• 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Unit 


Icc 
Power Supply Current 
Vcc = Max., 
No Load, 
10 
15 
mA 
(Active) (Turbo Bit Off) 
VIN = Vcc or GND 
Input Freq. = 1 MHz 
Device Prog. as 16·Bit Ctr. 
(See Icc vs. Freq. Graph.) 


NOTES: 
5. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 


6. 10 at CMOS 
levels 
(3.84V) 
= -2 
mA. 


7. Not more than 
1 output 
should 
be tested 
at a time. Duration 
of that test must not exceed 
1 second. 
8. With Turbo 
Bit Off, device 
automatically 
enters 
standby 
mode approximately 
100 ns after last input transition. 


3.0~20 
X;0 
INPUT 
. > TEST POINTS -< 
. 
° 
.0.8 
. 
0.8 


OUTPUT 
1~ 
-TEST 
POINTS -~ 


290194-14 
A.C. Testing: 
Inputs 
are Driven 
at 3.0V for a Logic 
"1" 
and OV for 


a Logic 
"0". 
Timing 
Measurements 
are made 
at 2.0V for a Logic 


"1" 
and O.BV for a Logic 
"0" 
on inputs. 
Outputs 
are measured 
at 
a 1.5V point. 
Device 
input 
rise and fall times 
< 6 ns. 


Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


Cour 
Output Capacitance 
Your 
= OV, f = 1.0 MHz 
20 
pF 


CCLK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


Cvpp 
Vpp Pin 
CLK2 on 5C060, f = 1.0 MHz 
50 
pF 


Device 


5C060·45 
5C060·55 
Non·(11) 
Symbol 
From 
To 
EP600·3 
EP600 
Turbo 
Unit 
Mode 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


tpD1 
Input 
Comb. Output 
43 
53 
+25 
ns 


tpD2 
I/O 
Comb. Output 
45 
55 
+25 
ns 


tpZX(10) 
lor 
I/O 
Output Enable 
45 
55 
+25 
ns 


tpXZ(10) 
lor 
I/O 
Output Disable 
45 
55 
+25 
ns 


teLR 
Asynch. 
Reset 
Q Reset 
45 
55 
+25 
ns 


NOTES: 
9. Typical 
Values 
are at TA = 25°C, VCC = 5V, Active 
Mode. 
10. tpzx 
and tpxz 
are measured 
at ±0.5V 
from steady 
state voltage 
as driven 
by spec. 
output 
load. tpxz 
is measured 
with 
CL = 5 pF. 
11. If device 
is operated 
with Turbo 
Bit Off (Non-Turbo 
Mode), 
and the device 
has been inactive 
for approx. 
100 ns, increase 
time by amount 
shown. 


SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTIC 
TA = O·C to 70·C, Vcc = 5.0V ± 5%, Turbo Bit On(9) 


Device 


5C060·45 
5C060·55 
Non.(11) 


Symbol 
Parameter 
EP600-3 
EP600 
Turbo 
Unit 
Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 


fMAX 
Max. Frequency 
(Pipelined) 
26.3 
23.3 
MHz 


(1Itsu-No 
Feedback) 


fCNT 
Max. Count Frequency 
22.2 
18.2 
MHz 


(1/tCN-r-With 
Feedback) 


tSU1 
Input Setup Time to ClK 
36 
41 
+25 
ns 


tSU2 
1/0 Setup Time to ClK 
38 
43 
+25 
ns 


tH 
lor 
1/0 Hold after ClK 
High 
a 
a 
ns 


tco 
ClK 
High to Output Valid 
22 
25 
ns 


tCNT 
Register 
Output Feedback 
45 
55 
+25 
ns 
to Register 
Input-Internal 
Path 


teH 
ClK 
High Time 
17.5 
21.5 
ns 


tel 
ClKlowTime 
17.5 
21.5 
ns 


ASYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 
TA = O·C to 70·C, Vcc 
= 5.0V ± 5%, Turbo 
Bit On(8) 


Device 


5C060-45 
5C060-55 
Non·(11) 


Symbol 
Parameter 
EP600-3 
EP600 
Turbo 
Unit 
Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 


fACNT 
Max. Count Frequency 
22.2 
18.2 
MHz 
(1/tACNT-With 
Feedback) 


tASU1 
Input Setup Time to 
10 
10 
+25 
ns 
Asynch. 
Clock 


tASU2 
I/O Setup Time to 
12 
12 
+25 
ns 
Asynch. Clock 


tAH 
Input or 1/0 Hold After 
15 
15 
ns 
Asynch. Clock 


tACO 
Asynch. ClK 
to Output Valid 
50 
58 
+25 
ns 


tACNT 
Register 
Output Feedback 
45 
55 
+25 
ns 
to Register 
Input-Internal 
Path 


tACH 
Asynch. ClK 
High Time 
17.5 
21.5 
+25 
ns 


tACl 
Asynch. ClK 
low Time 
17.5 
21.5 
+25 
ns 


• 
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5C060 
Current 
in Relation 
to Temperature 
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5C060 
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SC090 
24-MACROCELL 
CMOS PLD 
• High-Performance 
LSI Semi-Custom 
• Programmable 
Clock System 
with 2 
Logic Alternative 
to Low-End 
Gate 
Synchronous 
Clocks and Asynch- 
Arrays, TTL, and 74HC SSI and MSI 
ronous Clocking 
Option on all 
Logic 
Registers 
• 24 Macrocells 
with Programmable 
1/0 
• Programmable 
Security 
Bit Allows Total 
Architecture; 
Up to 36 Inputs (12 
Protection 
of Proprietary 
Designs 
Dedicated, 
24 1/0) or 24 Outputs 
• CMOS EPROM Technology 
Based. 
UV 
• Programmable 
Output 
Registers. 
Can 
Erasable 
(CerDIP) 
or OTP 
be Configured 
as D, T, SR, or JK Types 
• Programmable 
Low Power Option; 
• tpD (max) 50 ns, 26.3 MHz Pipelined, 
60 ,..,ATypical 
Standby 
Current 


20 MHz w/Feedback 
• 100% Generically 
Tested 
Logic Array 
• 8 P-Terms, 
Selectable 
SOP Invert, Clear 
• 100% Compatible 
with EP900 • 


and OE P-Terms 
for Each Macrocell 
• 40-Pin CerDIPIPDIP 
and 44-Pin PLCC 
Packages 


(See Packaging 
Specification, 
Order Number 240800, 


Package Type 0, P, and N) 
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Figure 1. SC090 Pin Configurations 


The Intel 5C090 PLD (Programmable Logic Device) 
is a 24-macrocell, 40-pin, general-purpose device. 
The device can be used to replace low-end gate ar- 
rays, multiple programmable logic arrays and LS 
TIL and 74HC (CMOS) SSI and MSllogic devices. 
With its revolutionary programmable I/O architec- 
ture, the device has advanced functional capabilities 
beyond that of typical programmable logic. Figure 2 
shows the global architecture of the device. 


The 5C090 PLD uses CMOS EPROM (floating gate) 
cells as logic control elements instead of fuses. The 
CMOS EPROM technology 
reduces power con- 
sumption of PLDs to less than 20% of a compartible 
bipolar device without sacrificing speed perform- 
ance. 
In addition, 
Intel's 
advanced CMOS II-E 
EPROM process technology enables greater logic 
densities to be achieved with superior speed and 
low-power performance over other comparable de- 
vices. Intel's ELPDs add the benefits of "zero" 
stand-by power not available on other programma- 
ble logic devices. EPROM technology allows these 
devices to be 100% factory tested by programming 
and erasing all the EPROM logic control elements. 


The architecture of the 5C090 is based on the "Sum 
of Products" PLA (Programmable Logic Array) struc- 
ture with a programmable AND array feeding into a 
fixed OR array. The device accommodates combina- 
tional and sequential logic functions. A proprietary 
programmable I/O architecture provides individual 
selection of either combinatorial or registered output 
and feedback signals all with selectable polarity. 


A feature unique to the 5C090 is the ability to individ- 
ually program the output registers as a D-, T-, SR-, or 
JK-type Flip-Flop without sacrificing the utilization of 
programmable AND logic. Additionally, each output 
register can be individually clocked from any of the 
input or feedback paths available within the AND ar- 
ray. With these features, a wide variety of logic func- 
tions can be simultaneously implemented-all 
on 
the same device. 


The 5C090 has 12 dedicated inputs, 24 I/O pins 
which may be configured for input, output, or bidirec- 
tional operations, and 2 synchronous clock inputs. 
The 5C090 is packaged in a 40-lead windowed ce- 
ramic DIP or 44-lead plastic leaded chip carrier 
package and contains 24 programmable registers. 


The basic Macrocell architecture for the 5C090 is 
shown in Figure 3. The 5C090 has 24 of these mac- 
rocells (one for each I/O pin). The Macrocell is orga- 
nized in the familiar sum-of-products structure with a 
programmable AND array attached to a fixed OR 
term. The inputs to the programmable AND array 
originate from the true and complement signals from 
each of the dedicated input pins and each of the I/O 
control blocks. 


The AND array for the 5C090 has 72 inputs derived 
from the true and complement signals at the input 
and I/O pins. The AND array in the 5C090 encom- 
passes 240 product terms which are distributed 
among the 24 Macrocells. 
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The Macrocells contain ten product terms total. 
Eight of the ten product terms (AND gates) are dedi- 
cated for logic implementation. One product term on 
each Macrocell is used for RESET control to the 
output register associated with the Macrocell. The 
final product term is used for OUTPUT ENABlEI 
Asynchronous Clock implementation. 


Within the AND array, there is an EPROM connec- 
tion at every intersection of an input signal (true and 
complement) and a product term to a given Macro- 
cell. Before programming an erased device, every 
EPROM connection is made at every intersection. 
But during the programming process, these connec- 
tions are opened so that only the desired connec- 
tions remain. Therefore, the true or complement of 
any input signal can be connected to any product 
term. If both the true and complement connections 
of any signal are left intact, a logical false results on 
the output of the AND gate. However, if both the true 
and complement connections are open, then a logic 
"don't care" results on the AND gate. lastly, if all 
the inputs of a product term are programmed open, 
then a logical true results on the output of the AND 
gate. 


The 5C090 has two dedicated clock inputs to pro- 
vide synchronous clock signals to the internal regis- 
ters. Each of the clock signals controls half the total 
registers within the given device. For example, ClK1 
provides synchronous clocking to the registers in 
Macrocells in the left half of the array while ClK2 
controls the registers associated with Macrocells in 
the right half of the array. The advanced liD archi- 
tecture allows for any number of the registers to be 
synchronously clocked (from none to all). Both of 
the dedicated clock inputs latch the data into a given 
register when triggered on a positive edge. 


MACROCELL 
ARCHITECTURE 
SELECTION 


The 5C090 architecture provides each Macrocell 
with over 50 different possible liD register configu- 
rations. Each liD pin can be configured for combina- 
torial or registered output (true or complement) with 
feedback. In addition, four different types of output 
registers can be implemented into every liD 
pin 
without any additional logic requirements. The feed- 
back mechanism for each register back into the 
AND array can be programmed to provide for either 
registered feedback from the Macrocell or input 
feedback (treating the pin as an input). Another ad- 
vantage of the advanced liD capability of the 5C090 
is the ability to individually clock each internal regis- 
ter from asynchronous clock signals. 


Two 
modes of 
operation 
are 
provided 
by the 
OE/ClK 
Select Multiplexer as a part of each Macro- 
cell. One mode provides for three-state buffering of 
outputs while in the other mode, the outputs are al- 
ways enabled. The operation of the OE/ClK 
Select 
Multiplexer sets the mode within a given Macrocell. 
Therefore, the output mode can be selected individ- 
ually on every output. Figure 4 illustrates the two 
modes of OE/ClK 
operation. 


In Mode 0, the three-state output buffer is controlled 
by a single product term originating from the AND 
array. The output is enabled when the product term 2 
is a logical true. Conversely, the output appears as 
high impedance when the product term is a logical 
false as shown in Table 1. In Mode 0, the Macrocell 
Flip-Flop is connected to its associated synchronous 
clock (either ClK1 
or ClK2 
depending upon the 
Macrocell's location within the device). Thus, the 
Macrocell Flip-Flop may be clocked by its respective 
synchronous clock but its output will not become 
valid until the output is enabled. 


Product 
Term 
Output 
Buffer 


FALSE 
Three-State 


TRUE 
Enabled 


In Mode 1, the Output Buffer is always enabled. In 
addition, the Macrocell Flip-Flop is connected to the 
AND array. The Macrocell Flip-Flop may now be trig- 
gered from an asynchronous clock signal generated 
by the AND array logic to the OE/ClK 
multiplexable 
term. Mode 1 allows the Macrocell Flip-Flops to be 
individually clocked from any of the available signals 
in the AND array. Since both true and complement 
values appear in the AND array, the Flip-Flop may 
be clocked by positive-or negative-going signals at 
any input pin. Gated clock structures can be created 
since the Flip-Flop clock is created by a product 
term. 


The Invert Select EPROM bit is used to invert the 
product term input into the register. This applies to 
all inputs including double inputs on the JK and SR 
registers. 


SYNCHRONOUS 
CLOCK 


VCC 
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VCC 
OE/CLK 
SELECT 
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CLK 
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CLK 


The advanced I/O architecture of the SeOgOallows 
four different register types along with combinatorial 
output as illustrated in Figure Sa through e. The reg- 
ister types include a T, D, JK, or SR Flip-Flop and 
each Macrocell I/O structure may be independently 
configured. In addition, all registers have an individu- 
al asynchronous RESET control from a dedicated 
product term derived in the AND array. When this 
dedicated product term is a logical one, the Macro- 
cell register is immediately cleared to a logical zero 
independent of the register clock. The RESET func- 
tion occurs automatically on power-up. 


The four different register types shown in Figure S 
are described below. 


When either a D- or T-type Flip-Flop is configured 
as part of the I/O structure, all eight of the product 
terms into the Macrocell are ORed together and 
fed into the register input. 


When either a JK or SR register is configured, the 
eight product terms are shared among two OR 
gates (one for the J or S input and the other for 
the K or R input). The allocation for these product 
terms for each of the register inputs is optimized 
by the iPLDS II development software. 


The Output Select Multiplexer allows for either regis- 
tered, combinatorial or no output. 


The Feedback Select Multiplexer EPROM bit en- 
ables registered, I/O (using the pin for bidirectional 
input or just input), or no feedback to the AND array. 


The Feedback Select is also important for building • 
product terms with more than 8 products. The 8- 
product product term of a Macrocell can be fed back 
into the AND array and combined with still more sig- 
nals to create a much larger product term (of more 
than 8-inputs). In addition, if the feedback product 
term is not to be output, then the iPLDS II will re- 
serve the associated Macrocell pin and indicate it in 
the REPORT file. A reserved pin should be left float- 
ing (no connect) when assembled onto a circuit 
board. 


Any I/O pin may be configured as a dedicated input 
by selecting no output and pin feedback through the 
appropriate multiplexers. 
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Prior to programming 
or after erasing, the 1/0 struc- 


ture is configured 
for combinatorial 
active low output 
with input (pin) feedback. 


Erasure 
characteristics 
of the device 
are such that 
erasure 
begins to occur upon exposure 
to light with 


wavelengths 
shorter 
than 
approximately 
4000A. 
It 
should 
be noted 
that 
sunlight 
and certain 
types 
of 
flourescent 
lamps 
have wavelengths 
in the 3000- 


4000A. 
Data shows that constant 
exposure 
to room 
level f10urescent 
lighting 
could erase the typical 
de- 
vice in approximately 
three years, while it would take 
approximately 
one week to cause erasure when ex- 
posed 
to direct 
sunlight. 
If the 5C090 
is to be ex- 
posed 
to these 
types 
of lighting 
conditions 
for ex- 
tended 
periods 
of time, 
conductive 
opaque 
labels 
should be placed over the device window 
to prevent 
unintentional 
erasure. 


The recommended 
erasure procedure 
for the 5C090 


is 
exposure 
to 
shortwave 
ultraviolet 
light 
with 
a 
wavelength 
of 2537 A. The integrated 
dose (Le., UV 


intensity 
x exposure 
time) for erasure 
should 
be a 
minimum 
of 
fifteen 
(15) 
Wsecl cm2. 
The 
erasure 
time with this dosage 
is approximately 
15 to 20 min- 
utes using an ultraviolet 
lamp with a 12,000 pW Icm2 
power 
rating. 
The 
5C090 
should 
be placed 
within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated 
dose the 5C090 can be exposed 
to 
without 
damage 
is 
7258 
Wsec/cm2 
(1 week 
at 


12,000 pW/cm2). 
Exposure 
to high intensity 
UV light 


for longer periods 
may cause permanent 
damage 
to 
the device. 


Initially, 
and 
after 
erasure, 
all the 
EPROM 
control 
bits of the 5C090 
are connected 
(in the "1" 
state). 


Each 
of the connected 
control 
bits are selectively 
disconnected 
by programming 
the EPROM cells into 


their "0" 
state. 
Programming 
voltage 
and waveform 
specifications 
are available 
by request 
from 
Intel to 
support 
programming 
of the 5C090. 


Intelligent 
Programming 
Algorithm 


The 5C090 supports 
the Intelligent 
Programming 
Al- 
gorithm which rapidly programs 
Intel ELPDs using an 
efficient 
and 
reliable 
method. 
The 
Intelligent 
Pro- 
gramming 
Algorithm 
Is particularly 
suited to the pro- 
duction 
programming 
environment. 
This 
method 


ensures 
reliability 
as the incremental 
program 
mar· 


gin of each bit is continually 
monitored 
to determine 


when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of 
the 
5C090 
is 


controlled 
by EPROM 
elements, 
the device 
is com- 


pletely 
testable. 
Each 
programmable 
EPROM 
bit 


controlling 
the internal 
logic is tested 
using applica- 


tion-independent 
test 
program 
patterns. 
After 
test- 


ing, the devices 
are erased 
before 
shipment 
to cus- 


tomers. 
No post-programming 
tests 
of the EPROM 


array are required. 


The testability 
and reliability 
of EPROM-based 
pro- 


grammable 
logic 
devices 
is an 
important 
feature 


over 
similar 
devices 
based 
on 
fuse 
technology. 


Fuse-based 
programmable 
logic 
devices 
require 
a 


user to 
perform 
post-programming 
tests 
to insure 


proper 
programming. 
These 
tests 
must be done 
at 


the device 
level because 
of the cummulative 
error 


effect. 
For example, 
a board containing 
ten devices 


each possessing 
a 2% device fallout 
translates 
into 


an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 


put and output 
pins be constrained 
to the voltage 


range GND < (VIN or VOUT) < Vcc. 
Unused 
inputs 


and Ii0s should 
be tied to Vcc 
or GND to minimize 


device 
power 
consumption. 
Reserved 
pins (as indi- 


cated 
in the logic compiler 
REPORT 
file) should 
be 


left floating 
(no connect) 
so that the pin can attain 


the appropriate 
logic 
level. A power 
supply 
decou- 


piing capacitor 
of at least 0.2 JLF must be connected 


directly 
between 
Vcc 
and GND pins of the device. 


As with all CMOS devices, 
ESD handling 
procedures 


should 
be used with the 5C090 
to prevent 
damage 


to 
the 
device 
during 
programming, 
assembly 
and 


test. 


A single 
EPROM 
bit provides 
a programmable 
de- 


sign security 
feature 
that controls 
the access 
to the 


data programmed 
into the device. 
If this bit is set, a 


proprietary 
design 
within the device 
cannot 
be cop- 


ied. This EPROM 
security 
bit enables 
a higher 
de- 


gree of design security than fused-based devices 
since programmed data within EPROM cells is invisi- 
ble even to microscopic evaluation. The EPROM se- 
curity bit, along with all the other EPROM control 
bits, will be reset by erasing the device. 


The 5C090 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 
(TURBO = ON), the device is optimized for maxi- 
mum speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 6 shows the device entering standby mode 
approximately 100 ns after the last input transition. 
When the next input transition is detected, the de- 
vice returns to active mode. Wakeup time adds an 
additional 25 ns to the propagation delay through 
the device as measured from the first input. No de- 
lay will occur if an output is dependent on more than 
one input and the last of the inputs changes after the 
device has returned to active mode. 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


LATCH-UP 
IMMUNITY 


All of the input, I/O, and clock pins of the 5C090 
have been designed to resist latch-up which is inher- 


FIRST t 
INPUT 
OR I/O 
..I 


LAST 
INPUT 
OR I/O 


ent in inferior CMOS structures. The 5C090 is de- 
signed with Intel's proprietary CMOS II-E EPROM 
process. Thus, each of the pins will not experience 
latch-up with currents up to ± 100 mA and voltages 
ranging from -1V 
to (Vcc + 1V). Furthermore, the 
programming pin is designed to resist latch-up to the 
13.5V maximum device limit. 


Full logic compilation and functional simulation for 
the 5C090 is supported by PLDshell Plus software. 


PLDshell Plus design software is Intel's user-friendly 
design tool for ,...PLDdesign. PLDshell Plus allows 
users to incorporate their preferred text editor, pro- • 
gramming software, and additional design tools into 
an easy-to-use, menued design environment that in- 
cludes Intel's PLDasm logic compiler and simulation 
software along with disassembly, conversion, and 
translation utilities. The PLDasm compiler and simu- 
lator 
software 
accepts 
industry-standard 
PDS 
source files that express designs as Boolean equa- 
tions, truth tables, or state machines. On-line help, 
data sheet briefs, technical notes, and error mes- 
sage information, along with waveform viewing/ 
printing capability make the design task as easy as 
possible. PLDshell Plus software is available from 
Intel Literature channels or from your local Intel 
sales representative. 
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simulation 
for the 5C060 are available. 
Please refer 
to the "Development 
Tools" 
section 
of the Program- 
mable 
Logic Handbook. 


The 
5C090 
is also 
supported 
by third-party 
logic 


compilers 
such 
as 
ABEL·, 
CUPL·, 
PLDesigner, 


Log/IC·, 
etc. 
Programming 
support 
is provided 
by 


third-party 
programmer 
companies 
such 
as 
Data 
I/O, Logical 
Devices, 
STAG, etc. Please refer to the 


"Third-Party 
Support" 
lists 
in 
the 
Programmable 


Logic 
handbook 
for complete 
information 
and ven- 


dor contacts. 


tpD 
teo 
fMAX 
Order 
Package 
Operating 


(ns) 
(ns) 
(MHz) 
Code 
Range 


50 
23 
26.3 
D5C090-50 
CERDIP 
Commercial 


P5C090-50 
PDIP 


N5C090-50 
PLCC 


60 
25 
21.7 
D5C090-60 
CERDIP 
Commercial 


P5C090-60 
PDIP 


N5C090-60 
PLCC 


50 
23 
26.3 
TN5C090-50 
PLCC 
Industrial 


"ABEL is a trademark of Data 110, Corporation. CUPL is a trademark of Logical Devices, Inc. PLDesigner is a trademark of 
MINC, Inc. Log/IC is trademark of ISDATA. Inc. 


Symbol 
Parameter 
Mln 
Max 
Units 


Vcc 
Supply Voltage(1) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(1) 


VI 
DC Input Voltage(1)(2) 
-0.5 
Vcc+0.5 
V 


tslg 
Storage Temperature 
-65 
+150 
·C 


tamb 
Ambient Temperature(3) 
-10 
+85 
·C 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions, the in- 
puts may undershoot to -2.0V 
or overshoot to +7.0V for 
periods less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also 
available. 
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cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Ratings" 
may 
cause 
permanent 
damage. 


These are stress ratings 
only. Operation 
beyond 
the 


"Operating 
Conditions" 
is not recommended 
and ex- 


tended 
exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


RECOMMENDED 
OPERATING 
CONDITIONS 


Symbol 
Parameter 
Mln 
Max 
Unit 


Vcc 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
Vcc 
V 


Vo 
Output Voltage 
0 
Vcc 
V 


TA 
Operating Temperature 
0 
+70 
·C 


tA 
Input Rise Time 
500 
ns 


tF 
Input Fall Time 
500 
ns 


NOTE: 
4. tA, tF for ClK is 250 ns max. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Unit 


VIH(5) 
HIGH Level Input Voltage 
2.0 
VCC + 0.3 
V 


Vll(S) 
LOW Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
HIGH Level Output Voltage 
10 = -4.0 
mA DC, Vcc = Min. 
2.4 
V 


VOL 
LOW Level Output Voltage 
10 = 4.0 mA DC, Vcc = Min. 
0.45 
V 


II 
Input Leakage Current 
Vcc = Max., GND < VIN < Vcc 
±10.0 
IJ-A 


loz 
Output 
Leakage Current 
Vcc = Max., GND < VOUT < Vcc 
±10.0 
IJ-A 


Isel7) 
Output Short Circuit Current 
Vcc = Max., VOUT = 0.5V 
20 
30 
mA 


ISS(8) 
Standby Current 
Vcc = Max., 
50 
150 
IJ-A 
(Standby) 
VIN = Vcc or GND 
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Symbol 
Parameter 
Conditions 
Min 
Typ 
Max 
Unit 


lee 
Power Supply Current 
Vee = Max., 
No Load, 
15 
25 
mA 
(Active) (Turbo Bit Off) 
VIN = Vee or GND 
Input Freq. = 1 MHz 
Device Prog. as Two 12-Bit Ctrs. 
(See lee vs. Freq. Graph) 


NOTES: 
5. Absolute values with respect to device GND; all over and undershoots due to system or tester noise are included. 
6.10 at CMOS levels (3.84V) = -2 
mA. 


7. Not more than 1 output should be tested at a time. Duration of that test must not exceed 1 second. 
8. With Turbo Bit Off. device automatically enters standby mode approximately 100 ns after last input transition. 
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A.e. Tesling: 
Inpuls 
are Driven 
a13.0V 
for a Logic 
"1" 
and OV for 
a Logic 
"0". 
Timing 
Measurements 
are made 
at 2.0V for a Logic 
"1" 
and O.BV for a Logic 
"0" 
on inputs. 
Outputs 
are measured 
at 
a 1.5V point. 
Device 
input 
rise and fall times < 6 ns. 


Symbol 
Parameter 
Conditions 
Mln 
Typ 
Max 
Unit 


CIN 
Input Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


COUT 
Output Capacitance 
VOUT = OV, f = 1.0 MHz 
20 
pF 


CCLK 
Clock Pin Capacitance 
VIN = OV, f = 1.0 MHz 
20 
pF 


Cvpp 
Vpp Pin 
CLK2 on 5C090, f = 1.0 MHz 
80 
pF 


Device 


SC090·S0 
SC09O-60 
Non·(ll) 
Symbol 
From 
To 
EP900·2 
EP900 
Turbo 
Unit 
Mode 
Min 
Typ 
Max 
Mln 
Typ 
Max 


tpDl 
Input 
Comb. Output 
45 
55 
+25 
ns 


tpD2 
I/O 
Comb. Output 
50 
60 
+25 
ns 


tpZX(10) 
I or I/O 
Output Enable 
50 
60 
+25 
ns 


tpXZ(10) 
lor I/O 
Output Disable 
50 
60 
+25 
ns 


teLR 
Asynch. 
Reset 
Q Reset 
50 
60 
+25 
ns 


NOTES: 
9. Typical Values are at TA = 25°C, Vcc = 5V, Active Mode. 
10. tpzx and tpxz are measured at ±0.5V from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. 
11. If device is operated with Turbo Bit Off (Non-Turbo Mode) and the device has been inactive for approx. 100 ns. increase 
time by amount shown. 


SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTIC 
TA = O°C to 70°C, VCC = 5.0V ± 5%, Turbo 
Bit On(9) 


Device 


SC090-S0 
SC090·60 
Non·(11) 


Symbol 
Parameter 
EP900·2 
EP900 
Turbo 
Unit 
Mode 
Min 
Typ 
Max 
Min 
Typ 
Max 


tMAX 
Max. Frequency 
(Pipelined) 
26.3 
21.7 
MHz 
(1Itsu-No 
Feedback) 


tCNT 
Max. Count Frequency 
20 
16.7 
MHz 
(1ItCNT-With 
Feedback) 


tSU1 
Input Setup Time to ClK 
36 
43 
+25 
ns 


tSU2 
1/0 Setup Time to ClK 
38 
46 
+25 
ns 


tH 
I or 1/0 Hold after ClK 
High 
0 
0 
ns 


tco 
ClK 
High to Output Valid 
23 
25 
ns 


tCNT 
Register Output Feedback 
50 
60 
+25 
ns 
to Register 
Input-Internal 
Path 


teH 
ClK 
High Time 
17.5 
23 
ns 


teL 
ClK 
low 
Time 
17.5 
23 
ns 


ASYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = 5.0V ± 5%, Turbo 
Bit On(8) 


Device 


SC090·S0 
SC090·50 
Non·(11) 


Symbol 
Parameter 
EP900-2 
EP900 
Turbo 
Unit 
Mode 
Mln 
Typ 
Max 
Min 
Typ 
Max 


tACNT 
Max. Count Frequency 
20 
16.7 
MHz 


(1/tACN-r-With 
Feedback) 


tASU1 
Input Setup Time to 
10 
10 
+25 
ns 
Asynch. Clock 


tASU2 
1/0 Setup Time to 
13 
15 
+25 
ns 
Asynch. Clock 


tAH 
Input or 1/0 Hold After 
15 
15 
ns 
Asynch. Clock 


tACO 
Asynch. ClK 
to Output Valid 
48 
59 
+25 
ns 


tACNT 
Register Output Feedback 
to 
50 
60 
+25 
ns 
Register 
Input-Internal 
Path 


tACH 
Asynch. ClK 
High Time 
17.5 
23 
+25 
ns 


tACL 
Asynch. ClK 
low Time 
17.5 
23 
+25 
ns 
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5C180 
48-MACROCELL CMOS PLD 
• High-Performance 
LSI Semicustom 
• Programmable 
Registers. 
Can Be 
Logic Alternative 
for TTL and 74HC SSI 
Configured 
as D, T, SR or JK Types 
and MSI Logic 
with Individual 
Reset Controls 
• 48 Macrocells 
with Programmable 
I/O 
• Low Power; 
100 JLW Typical 
Standby 
Architecture; 
up to 64 Inputs (16 
Dissipation 
Dedicated, 
48 I/O) 
or 48 Outputs 
• Programmable 
"Security 
Bit" Allows 
• High Speed tpD (max) 70 ns, 20.8 MHz 
Total Protection 
of Proprietary 
Designs 
Pipelined, 
16.1 MHz w/Feedback 
• 100% Generically 
Tested 
Logic Array 
• Dual Feedback 
Signals Allowing 
I/O 
• 68-Pin J-Lead 
Chip Carrier 
Pins to Be Used for Buried Logic and 
(See Packaging 
Spec., 
Order 
# 240800-001, 
Dedicated 
Input 
Package 
Type 
N) 
• Programmable 
Clock System 
with Four 
• 100% Compatible 
with EP1800 
Synchronous 
Clocks as well as 
Asynchronous 
Clocking 
Option on All 
Registers 


The Intel5C180 
PLD (Programmable 
Logic Device) is a CMOS, 48-macrocell, 
general-purpose 
PLD. This user- 
customizable 
Logic 
Device 
is available 
in a 58-pin 
PLCC package 
and has the benefits 
of low power 
and 
increased 
flexibility. 


The 5C180 
PLD uses CMOS 
EPROM 
(floating 
gate) cells as logic control 
elements 
instead 
of fuses. 
Use of 
Intel's 
advanced 
CMOS II-E EPROM 
process 
technology 
enables 
greater 
logic densities 
to be achieved 
with 
superior 
speed and power 
performance. 
The EPROM technology 
enables 
these devices 
to be 100% 
factory 
tested 
by the programming 
and the erasure 
of all the EPROM 
logic control 
elements 
in the device. 


September 1993 
Order Number: 2901~Hl09 


The architecture of the 5C180 is based on the "Sum 
of Products" PLA (Programmable Logic Array) struc- 
ture with a programmable AND array feeding into a 
fixed OR array. The 48 macrocells of the 5C180 can 
be partitioned into 4 identical quandrants each con- 
taining 12 macrocells. This device makes use of a 
segmented PLA structure with local and global bus 
structures to provide for increased performance and 
greater device utilization. The 5C180 has unique ar- 
chitectural features that allow programming of all 48 
registers to D, T, SR or JK configurations without 
sacrificing product terms. These registers can be ei- 
ther clocked asynchronously or in banks with four 
synchronous clocks. In addition, the 16 global mac- 
rocells have two independent feedback paths to the 
array that allow for buried logic implementation to- 
gether with use of the I/O pin for input functions. 


Externally, the 5C180 provides 12 dedicated data in- 
puts, 4 synchronous clock inputs, and 48 I/O pins 
which may be individually programmed for input, out- 
put, or bi-directional operation. 


The Block Diagram is shown in Figure 2 with pin 
numbers for the PLCC package. The internal archi- 
tecture 
is organized in familiar sum-of-products 
(AND-OR) structure. The 5C180 houses a total of 
480 product terms distributed among 48 Macrocells. 
The basic Macrocell structure is shown in Figure 3. 
Input and feedback signals are selectively connect- 
ed to product terms via EPROM cells. The output of 
the AND array feeds a fixed OR gate to produce 
sum-of-products logic. The final output may be com- 
binatorial or registered, programmed active high or 
low. Combinatorial, registered, or pin feedback is 
also user-defined. 


The 5C180 is partitioned into 4 identical quadrants. 
Each quadrant contains 12 Macrocells. Input signals 
to the Macrocells come from the 5C180 Local and 
Global bus structures. These two buses comprise an 
88-input AND array for each quadrant. The output of 
each Macrocell feeds an I/O Architecture Control 
Block which contains output and feedback selection. 


Four dedicated clock inputs provide synchronous 
clock signals to the 5C180 internal registers. There 
is one synchronous clock per quadrant. Therefore 
each clock signal controls a bank of 12 registers. 
CLK1 may be connected to registers in Macrocells 
1-12, CLK2 with Macrocells 13-24, CLK3 with Mac- 
rocells 25-36, 
and CLK4 with Macrocells 37-48. 


With synchronous clocks, the flip-flops are positive 
edge triggered. Both true and complement signals 
for each dedicated clock input may also be used 


within the AND array. All 48 internal registers may be 
individually programmed for synchronous or asyn- 
chronous clocking. Asynchronous clocking is possi- 
ble via a Macrocell product term. Clock inputs not 
used for synchronous clock signals may be used as 
global bus inputs. 


The Invert Select EPROM bit is used to invert the 
product term input into the register. This applies to 
all inputs including double inputs on JK and SR reg- 
isters. The invert option allows the highest possible 
logic utilization by use of deMorgan logic inversion. 


At each intersecting point in the logic array there 
exists an EPROM-type programmable connection. • 
Initially, all connections are complete. This means 
that both the true and complement of all inputs are 
connected to each product term. Connections are 
opened during the programming process. Therefore 
any product term can be connected to the true or 
complement of any input. When both the true and 
complement connections of any input are left intact, 
a logical false results on the output of the AND gate. 
If both the true and complement connections of any 
input are programmed open, then a logical "don't 
care" results for that input. If all inputs for a product 
term are programmed open, then a logical true re- 
sults on the output of the AND gate. 


Input and feedback signals are connected to each 
5C180 Macrocell via a Local and Global Bus. 
Figure 4 shows the Macrocell-Bus interface for 
Quadrant D. The Global Bus contains 64 input sig- 
nals while the Local Bus has 24. 


Within the 
5C180 Macrocell, the 
product-terms 
share the entire bus structure. Therefore, a logical 
AND of any of the variables (or their complements) 
that is present on the buses may be produced by 
each product term. 


All quadrants share the same Global Bus. Inputs to 
the bus come from the true and complement signals 
of the 12 dedicated data inputs, 4 clock inputs, and 
the 16 Global Macrocell pin feedback signals. 


Each quadrant has its own Local' Bus. Inputs to this 
bus come from the 12 quadrant Macrocells. For the 
eight Local Macrocells, the signals can be either 
from the Macrocell internal logic or from the pin. For 
the four Global Macrocells, the signals come from 
the Macrocell internal logic only. 
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Figure 2. 5C180 Block Diagram-PLCC 
Package 
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Pin 
Macro- 
Feedback 
Feedback 
# 
cell # 
Structure 
Interconnect 


Quad 
2-9 
1-8 
Local 
Quad A 
A 
10-13 
9-12 
Local 
Quad A 
Global 
All 


Quad 
23-26 
13-16 
Local 
Quad B 
B 
Global 
All 
27-34 
17-24 
Local 
Quad B 


Quad 
36-43 
25-32 
Local 
Quad C 
C 
44-47 
33-36 
Local 
Quad C 
Global 
All 


Quad 
57-60 
37-40 
Local 
Quad 0 
0 
Global 
All 
61-68 
41-48 
Local 
Quad 0 
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Within each 5C180 quadrant there are two different 
types of Macrocells; Local Macrocells, Figure 5, and 
Global Macrocells, Figure 6. Both types share an 88- 
input AND array and contain a total of ten product 
terms. Eight product terms are dedicated for logic 
implementation. One product term is reserved for 
Asynchronous Clear to the Macrocell register. The 
remaining product term is used for Output Enable/ 
Asynchronous Clock implementation. Each 5C180 
product term represents an 88-input AND gate. The 
I/O Architecture Control Block provides each Mac- 
rocell with both combinatorial and registered I/O 
configurations. 


Local Macrocells provide one feedback path into the 
AND array. Combinatorial, registered or pin feed- 
back may be selected from the Feedback Select 
Multiplexer. The selected feedback signal is then 
routed to the quadrant local bus. Therefore, the Lo- 
cal Macrocell feedback communicates only to Mac- 


rocells within the same quadrant. There are a total of 
32 Local Macrocells within the 5C180, with eight per 
quadrant. 


Local macrocells are divided into two groups: Gen- 
eral Macrocells and Enchanced Macrocells. The En- 
hanced Macrocells are architecturally identical to 
the 
General 
Macrocells 
but 
operate 
at 
higher 
speeds. These speed differences are reflected in 
the specification tables. 


Global Macrocells contain two independent feed- 
back paths to the AND array. Combinatorial or regis- 
tered feedback is supplied to the local bus and pin 
feedback is supplied to the global bus. The "dual 
feedback" 
capability allows the Macrocell to be 
used for internal logic functions as well as a dedicat- 2 
ed input pin. To obtain this configuration, the output 
buffer must be disabled. If the Global Macrocell I/O 
pin is not being used as a dedicated input, the Mac- 
rocell logic may be fed back along the global bus 
allowing routing to any of the 5C180's 48 Macro- 
cells. There are 16 Global Macrocells contained in 
the 5C180, four per quadrant. 
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In the Combinatorial configuration, eight product 
terms are ORed together to generate the output sig- 
nal. The Invert Select EPROM bit controls output 
polarity and the Output Enable buffer is product-term 
controlled. The Feedback Select allows the user to 
choose combinatorial, I/O (pin) or no feedback to 
the respective local and global buses. 


The advanced I/O architecture of the 5C180 allows 
four different register types along with combinatorial 
output as illustrated in Figures 8a-8e. The register 
types include a T, D, JK, or SR Flip-Flop and each 
Macrocell I/O structure may be independently con- 
figured. In addition, all registers have an individual 
asynchronous 
RESET control 
from a dedicated 


product term derived in the AND array. When this 
dedicated product term is a logical one, the Macro- 
cell register is immediately cleared to a logical zero 
independent of the register clock. The RESET func- 
tion occurs automatically on power-up. 


The four different register types shown in Figures 
7b-7e are described below: 


When either a D- or T-type Flip-Flop is configured 
as part of the I/O structure, all eight of the prod- 
uct terms into the Macrocell are ORed together 
and fed into the register input. 


When either a JK or SR register is configured, 
the eight product terms are shared among two 
OR gates (one for the J or S input and the other 
for the K or R input). The allocation for these 
product terms for each of the register inputs is 
optimized by the iPLDS II development software. 


intel~ 


For Global Macrocells, if no output is selected, the 
logic may be "buried" and the I/O pin can be used 
as an additional dedicated input. The use of "dual 
feedback" is accomplished by tri-stating the Output 
Enable Buffer. Thus, up to 16 additional dedicated 
inputs may be added without sacrificing the Macro- 
cell internal logic. 


In the erased state, the I/O architecture is config- 
ured for combinatorial active low output with I/O 
(pin) feedback. 


D- 


Figure 7c. Toggle 
(T-Type) 
Flip-Flop 
Register 
Configuration 


Figure 7b. 0- Type Flip-Flop 
Register 
Configuration 


• 


Each 5C180 register may be clocked synchronously 
or asynchronously. Figure 8a and 8b shows the 
modes of operation provided by the OE/ClK 
Select 


Multiplexers for both local and Global Macrocells. 


The operation of each multiplexer is controlled by 
EPROM bits and may be individually configured for 
each 5C180 Macrocell. 


In Mode 0, the three-state output buffer is controlled 
by a single product term. If the output of the AND 
gate is a logical true then the output buffer is en- 
abled. If a logical false resides on the output of the 
AND gate then the output buffer is seen as high im- 
pedance. In this mode the Macrocell flip-flop may be 
clocked by its quadrant synchronous clock input. In 
the erased state, the 
5C180 is configured 
as 


Mode O. 


In Mode 1, the Output Buffer is always enabled. The 
Macrocell flip-flop now may be triggered from an 
asynchronous clock signal generated by the Macro- 
cell product term. This mode allows individual clock- 
ing of flip-flops from any available signal in the quad- 
rant AND array. Because both true and complement 
signals reside in the AND array, the flip-flops may be 
clocked by positive- or negative-going signals at any 
input pin. With the clock now controlled by a product 
term, gate clock structures are also possible. 


In Modes 2 and 3, the Output Buffer is always dis- 
abled. The Macrocell flip-flop may still be triggered 
from clock signals generated from the Macrocell 
product term or asynchronous clocks. This mode is 
only possible for Global Macrocells. 


SYNCHRONOUS 


CLOCK 


VCC 


CLK - 
SYNCHRONOUS 


CLK 


290111-12 
The register 
is clocked 
by the quadrant 
synchronous 
clock 
signal 
which 
is common 
to 11 other 
Macrocells. 
The output 
is enabled 
by the 
logic 
from 
the product 
term. 
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290111-13 
The output 
is permanently 
enabled 
and the register 
is clocked 
via the product 
term. 
This allows 
for gated 
clocks 
that 
may be generated 
from 
elsewhere 
in the 5C180. 
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ClK - SYNCHRONOUS 


ClK 


290111-14 
The output is permanently disabled and the register clocked by the quadrant synchronous clock signal. The pin can be used as an input 
while the register or combinational output can be fed back. 


290111-15 
The output is permanently disabled and the register is clocked via the product term. This allows gated clocks that may be generated 
elsewhere in the 5e1BO. The pin can be used as in input while the register or combinational output can be fed back. 


MACROCELL 
LOGIC + I/O 
CONFIGURATIONS 


Figures 9 and 10 show the 5C180 basic I/O configu- 
rations for both the Local and Global Macrocells. 
Along with combinatorial, four register types are 
available. Each Macrocell may be independently 
programmed. 
The 5C180 Input/Output Architecture provides each 
Macrocell with over 50 possible I/O configurations. 


COMBINATORIAL 
I/O Selection 


Output/Polarity 
Feedback 
Bus 
Combinatorial/High 
Comb, Pin, None 
Local 
Combinatorial/Low 
Comb, Pin, None 
Local 
None 
Comb 
Local 
None 
Pin 
Local 


• 


SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 
VCC 


0 
a 


VI 
VI 
:> 
:> 
CD 
CD 
...J 
...J 
« 
« 
CD 
0 
C 
0 
0 
...J 
...J 
Cl 


0- TYPE FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


D-Register/High 
D-Register, 
Pin, Npne 
Local 
D-Register/Low 
D-Register, 
Pin, None 
Local 
None 
D-Register 
Local 
None 
Pin 
Local 


0 
Qn 
Qn+1 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 


SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 
VCC 


T 
0 
• 


'" 
'" 
:> 
:> 
m 
m 
...J 
...J 
« 
« 
m 
0 
C 
0 
0 
...J 
...J 
Cl 


TOGGLE 
FLIP-FLOP 
1/0 Selection 


Output/Polarity 
Feedback 
Bus 


T-Register/High 
T-Register, 
Pin, None 
Local 
T-Register/Low 
T-Register, 
Pin, None 
Local 
None 
T-Register 
Local 
None 
Pin 
Local 


T 
Qn 
Qn+1 
0 
0 
0 
0 
1 
1 


1 
0 
1 


1 
1 
0 


JK FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


JK Register/High 
JK Register, 
None 
Local 
JK Register/Low 
JK Register, 
None 
Local 
None 
JK Register 
Local 


J 
K 
Qn 
Qn+1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 


SYNCHRONOUS 
CLOCK 
OE/CLOCK 
SELECT 


SR FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


SR Register/High 
SR Register, 
None 
Local 
SR Register/Low 
SR Register, 
None 
Local 
None 
SR Register 
Local 


S 
R 
Qn 
Qn + 1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
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COMBINATORIAL 
1/0 Selection 


Output/Polarity 
Feedback 
Bus 


Combinatorial/High 
Comb, Pin, None 
Local, Global 
Combinatorial/Low 
Comb, Pin, None 
Local, Global 
None 
Comb 
Local, Global 
None 
Pin 
Global 
None 
Comb/Pin 
Local/Global 


SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


0- TYPE FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


D-Register / High 
D-Register, 
Pin, None 
local, 
Global 
D-Register flow 
D-Register, 
Pin, None 
local, 
Global 
None 
D-Register 
local, 
Global 
None 
Pin 
Global 
None 
D-Register /Pin 
local/Global 


0 
On 
On+l 
0 
0 
0 
0 
1 
0 
1 
0 
1 
1 
1 
1 
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TOGGLE 
FLIP-FLOP 
I/O Selection 


SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


Output/Polarity 
Feedback 
Bus 


T-Register/High 
T-Register, 
Pin, None 
Local, Global 
T-Register/Low 
T-Register, 
Pin, None 
Local, Global 
None 
T-Register 
Local, Global 
None 
Pin 
Global 
None 
T-Register / Pin 
Local/Global 


T 
Qn 
Qn+1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 
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SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


JK FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


JK Register/High 
JK Register, 
None 
Local, Global 
JK Register/Low 
JK Register, 
None 
Local, Global 
None 
JK Register 
Local 
None 
JK Register/Pin 
Local/Global 


J 
K 
On 
°n+l 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 
1 
1 
0 
1 
1 
1 
1 
0 


• 


SYNCHRONOUS 
CLOCK 
CLOCK 
SELECT 


SR FLIP-FLOP 
I/O Selection 


Output/Polarity 
Feedback 
Bus 


SR Register/High 
SR Register, 
None 
Local, Global 
SR Register/Low 
SR Register, 
None 
Local, Global 
None 
SR Register 
Local 
None 
SR Register/Pin 
Local/Global 


S 
R 
Qn 
Qn+l 
0 
0 
0 
0 
0 
0 
1 
1 


0 
1 
0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
1 
0 
1 
1 


The 5C180 contains a programmable bit, the Turbo 
Bit, that optimizes operation for speed or for power 
savings. 
When 
the 
Turbo 
Bit 
is 
programmed 
(TURBO = ON), the device is optimized for maxi- 
mum speed. When the Turbo Bit is not programmed 
(TURBO = OFF), the device is optimized for power 
savings by entering standby mode during periods of 
inactivity. 


Figure 11 shows the device entering standby mode 
approximately 100 ns after the last input transition. 
When the next input transition is detected, the de- 
vice returns to active mode. Wakeup time adds an 
additional 30 ns to the propagation delay through 
the device as measured from the first input. No de- 
lay will occur if an output is dependent on more than 
one input and the last of the inputs changes after the 
device has returned to active mode. 


FIRST 
'f 
INPUT 
, I ' 


After erasure, the Turbo Bit is unprogrammed (OFF); 
automatic standby mode is enabled. When the Tur- 
bo Bit is programmed (ON), the device never enters 
standby mode. 


Prior to programming, the I/O structure is configured 
for combinatorial active low output with input (pin) 
feedback. 


Initially, all the EPROM control bits of the 5C180 are 
connected. Each of the connected control bits are 
selectively 
disconnected 
by 
programming 
the. 
EPROM cells into their "on" 
state. Programming 
voltage and waveform specifications are available 
by request from Intel to support programming of the 
5C180. 


ACTIVE MODE 
'ee 


Intelligent 
Programming 
Algorithm 


The 5C180 supports 
the Intelligent 
Programming 
Al- 
gorithm 
which 
rapidly programs 
Intel PLDs using an 
efficient 
and 
reliable 
method. 
The 
Intelligent 
Pro- 
gramming 
Algorithm 
is particularly 
suited to the pro- 
duction 
programming 
environment. 
This method 
en- 
sures 
reliability 
as the incremental 
program 
margin 
of 
each 
bit is continually 
monitored 
to determine 
when the bit has been successfully 
programmed. 


Since 
the 
logical 
operation 
of the 
5C180 
is con- 
trolled 
by EPROM elements, 
the device is complete- 
ly testable. 
Each programmable 
EPROM 
bit control- 
ling the internal 
logic is tested 
using application-in- 
dependent 
test program 
patterns. 
After testing, 
the 
devices 
are erased 
before 
shipment 
to customers. 
No post-programming 
tests of the EPROM array are 
required. 


The testability 
and reliability 
of EPROM-based 
pro- 
grammable 
logic 
devices 
is an 
important 
feature 
over 
similar 
devices 
based 
on 
fuse 
technology. 
Fuse-based 
programmable 
logic 
devices 
require 
a 
use 
to 
perform 
post-programming 
tests 
to 
insure 
proper 
programming. 
These 
tests 
must be done at 
the device 
level 
because 
of the cummulative 
error 
effect. 
For example, 
a board containing 
ten devices 
each possessing 
a 2% device fallout translates 
into 
an 18% fallout at the board level (it should be noted 
that programming 
fallout 
of fuse-based 
programma- 


ble logic devices 
is typically 
2% or higher). 


For proper 
operation, 
it is recommended 
that all in- 
put and output 
pins 
be constrained 
to the voltage 
range GND < (VIN or VOUT) < Vcc. 
Unused 
inputs 
and II0s should 
be tied to Vcc 
or GND to minimize 
device 
power 
consumption. 
Reserved 
pins (as indi- 
cated 
in the logic compiler 
REPORT 
file) should 
be 
left floating 
(no connect) 
so that the pin can attain 
the appropriate 
logic 
level. A power 
supply 
decou- 
piing capacitor 
of at least 0.2 J.Lf must be connected 
directly 
between 
Vcc 
and GND. 


As with all CMOS devices, 
ESD handling 
procedures 
should 
be used with this device 
to prevent 
damage 
during programming, 
assembly, 
and test. 


A single 
EPROM 
bit provides 
a programmable 
de- 
sign security 
feature 
that controls 
the access 
to the 
data programmed 
into the device. 
If this bit is set, a 
proprietary 
design 
within the device 
cannot 
be cop- 


ied. This 
EPROM 
security 
bit enables 
a higher 
de- 
gree 
of design 
security 
than 
fused-based 
devices 
since programmed 
data within EPROM cells is invisi- 


ble even to microscopic 
evaluation. 
The EPROM se- 
curity 
bit, along 
with 
all the 
other 
EPROM 
control 
bits, will be reset by erasing 
the device. 


All of the input, 
1/0, 
and clock 
pins of the 
5C180 
have been designed 
to resist latch-up which is inher- 
ent in inferior 
CMOS 
structures. 
The 
5C180 
is de- 
signed 
with 
Intel's 
proprietary 
CMOS 
II-E EPROM 
process. 
Thus, each of the 5C180 pins will not expe- 
rience 
latch-up 
with currents 
up to ± 100 mA and 
voltages 
ranging 
from 
-1 V to (VCC + 1V). Further- 


more, 
the 
programming 
pin 
is designed 
to 
resist 
latch-up 
to the 13.5V maximum 
device 
limit. 


Full logic 
compilation 
and functional 
simulation 
for 
the 5C180 is supported 
by PLDshell 
Plus software. 


PLDshell 
Plus design software 
is Intel's user-friendly 
design 
tool for J.LPLDdesign. 
PLDshell 
Plus allows 
users to incorporate 
their preferred 
text editor, 
pro- 


gramming 
software, 
and additional 
design tools 
into 
an easy-to-use, 
menued 
design environment 
that in- 
cludes 
Intel's 
PLDasm logic compiler 
and simulation 
software 
along 
with 
disassembly, 
conversion, 
and 
translation 
utilities. The PLDasm 
compiler 
and simu- 
lator 
software 
accepts 
industry-standard 
PDS 
source 
files that express 
designs 
as Boolean 
equa- 
tions, truth tables, 
or state 
machines. 
On-line 
help, 


datasheet 
briefs, 
technical 
notes, 
and 
error 
mes- 
sage 
information, 
along 
with 
waveform 
viewingl 
printing 
capability 
make the design 
task as easy as 
possible. 
PLDshell 
Plus software 
is available 
from 
Intel 
Literature 
channels 
or 
from 
your 
local 
Intel 
sales representative. 


Tools 
that 
support 
schematic 
capture 
and 
timing 
simulation 
for the 5C180 are available. 
Please 
refer 
to the "Development 
Tools" 
section 
of the Program- 


mable 
Logic handbook. 
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The 5C180 is also supported by third-party logic 
compilers such as ABEL', 
CUPL', 
PLDesigner', 
Log/IC, etc. Programming support is provided by 
third-party programmer companies such as Data 


I/O, Logic Devices, STAG, etc. Please refer to the 
"Third-Party Support" 
lists in the 
Programmable 
Logic handbook for complete information and ven- 
dor contacts. 


tpD 
tco 
fMAX 
Order Code 
Package 
Operating 
Range 
(n8) 
(n5) 
(MHz) 


70 
29 
20.8 
N5C180-70 
PLCC 
Commercial 


75 
30 
19.6 
N5C180-75 
PLCC 
Commercial 


90 
35 
16.1 
N5C180·90 
PLCC 
Commercial 


75 
30 
19.6 
TN5C180-75 
PLCC 
Industrial 


•ABEL is a trademark 
of Data I/O Corp. CUPL is a trademark 
of Logical 
Devices, 
Inc. PLDesigner 
is a trademark 
of MINC, Inc. 


Log/IC 
is a trademark 
of ISDATA, 
Inc. 
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Symbol 
Parameter 
Min 
Max 
Units 


Vcc 
Supply Voltage(l) 
-2.0 
7.0 
V 


Vpp 
Programming 
-2.0 
13.5 
V 
Supply Voltage(l) 


VI 
DC Input Voltage(l )(2) 
-0.5 
Vcc+0.5 
V 


tstg 
Storage Temperature 
-65 
+150 
·C 


tamb 
Ambient Temperature(3) 
-10 
+85 
·C 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


• WARNING: Stressing the device beyond the "Absolute 
Maximum 
Rating~" 
may 
cause 
permanent 
damage. 


These are stress ratings only. Operation 
beyond 
the 
"Operating 
Conditions" 
is not recommended 
and ex- 


tended exposure 
beyond 
the 
"Operating 
Conditions" 


may affect device reliability. 


NOTES: 
1. Voltages with respect to ground. 
2. Minimum DC input is -0.5V. 
During transitions. the inputs may undershoot to -2.0V 
or overshoot to + 7.0V for periods 


less than 20 ns under no load conditions. 
3. Under bias. Extended temperature versions are also available. 


Symbol 
Parameter 
Mln 
Max 
Units 


VCC 
Supply Voltage 
4.75 
5.25 
V 


VIN 
Input Voltage 
0 
VCC 
V 


Vo 
Output Voltage 
0 
VCC 
V 


TA 
Operating 
Temperature 
0 
+70 
·C 


tR(4) 
Input Rise Time 
500 
ns 


tF(4) 
Input Fall Time 
500 
ns 


NOTE: 
4. tR and tF for clocks is 250 ns. 
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Symbol 
Parameter/Test 
Conditions 
Mln 
Typ 
Max 
Unit 


VIH(5) 
High Level Input Voltage 
2.0 
VCC + 0.3 
V 


Vll(5) 
Low Level Input Voltage 
-0.3 
0.8 
V 


VOH(6) 
High Level Output Voltage 
2.4 
V 


10 = -4.0 
mA D.C., VCC = min. 


VOL 
Low Level Output Voltage 
0.45 
V 


10 = 4.0 mA D.C., Vcc = min. 


II 
Input Leakage Current 
±10 
/LA 
VCC = max., GND < VIN < VCC 


10Z 
Output 
Leakage Current 
±10 
/LA 
Vce = max., GND < VOUT < VCC 


Isel7) 
Output Short Circuit Current 
20 
30 
mA 
VCC = max., VOUT = 0.5V 


IsB(8) 
Standby Current 
35 
150 
/LA 
Vcc = max., VIN = VCC or GND, 
Standby 
mode 


Ice 
Power Supply Current 
30 
45 
mA 
Vcc = max., VIN = VCC or GND, 
No load, Input Freq. = 1 MHz 
Active mode (Turbo = Off), 
Device prog. as four 12-bit Ctrs. 


NOTES: 
5. Absolute 
values 
with respect 
to device 
GND; all over and undershoots 
due to system 
or tester 
noise are included. 
6.10 
at CMOS 
levels 
(3.84 V) = -2 
mA 
7. Not more than 
1 output 
should 
be tested 
at a time. Duration 
of that test must not exceed 
1 second. 
8. With Turbo 
Bit Off, device 
automatically 
enters 
standby 
mode 
approximately 
100 ns after last input transition. 


3.0~20 
~20 
INPUT 
. > TEST POINTS -< 
. 
° 
_O.s 
. 
0.8 
DEVICE 
OUTPUT 


341.0. 


TO TEST 
SYSTEM 


CL(INCLUDES JIG 
CAPACITANCE) 
OUTPUT 
1~-TEST 
POINTS-E 


290111-27 
A.C. Testing: Inputs are Driven at 3.0V for a Logic "1" and OVfor 
a Logic "0". Timing Measurements are made at 2.0V for a Logic 
"1" and O.BVfor a Logic "0" on inputs. Outputs are measured at 
a 1.5V point. Device rise and fall times < 6 ns. 
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Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Conditions 


CIN 
Input Capacitance 
15 
pF 
VIN = OV, t = 1.0 MHz 


COUT 
Output Capacitance 
15 
pF 
VOUT = OV, t = 1.0 MHz 


CClK 
Clock Pin Capacitance 
25 
pF 
VOUT = OV, t = 1.0 MHz 


Cypp 
Vpp Pin Capacitance 
160 
pF 
CLK2, VOUT = OV, t = 1.0 MHz 


5C180-70 
5C180·75 
5C180-90 
Non-Turbo 
Symbol 
From 
To 
EP1800·2 
EP1800 
Mode(11) 
Unit 


Mln 
Typ 
Max 
Min 
Typ 
Max 
Mln 
Typ 
Max 


tpDl 
Input(12) 
Comb. Output 
65 
70 
85 
+30 
ns 


tpD2 
1/0(12) 
Comb. Output 
70 
75 
90 
+30 
ns 


tPD2e 
1/0(13) 
Comb. Output 
65 
70 
85 
+30 
ns 


tpZX(10) 
lor 
I/O 
Output Enable 
70 
75 
90 
+30 
ns 


tpXz(10) 
lor 
I/O 
Output Disable 
70 
75 
90 
+30 
ns 


telR 
Asynch. 
Reset 
Q Reset 
70 
75 
90 
+30 
ns 


NOTES: 
9. Typ. Yalues are at TA = 2S·C, Ycc = 5Y, Active Mode. 
10. tpzx and tpxz are measured at ±0.5Y from steady state voltage as driven by spec. output load. tpxz is measured with 
CL = 5 pF. 
11. If device is operated with Turbo Bit Off (Non-Turbo Mode) and the device has been inactive for approx. 100 ns, increase 
time by amount shown. 


SYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 
TA = O·C to + 70·C, VCC = 5V ± 5%, Turbo Bit On(9) 


5C180-70 
5C180-75 
5C180-90 
Non-Turbo 
Symbol 
Parameter 
EP1800·2 
EP1800 
Mode(11) 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Min 
Typ 
Max 


tMAX 
Max Frequency 
20.8 
19.6 
16.1 
MHz 
1/(teH 
+ teLJ-No 
Feedback 


tCNT 
Max. Count Frequency 
16.1 
15.1 
12.2 
MHz 
1/tCNT- With Feedback 


tSUl 
Input Setup Time to Clk(12) 
48 
51 
62 
+30 
ns 


tSU2 
I/O Setup Time to Clk(12) 
53 
56 
67 
+30 
ns 


tSU2e 
I/O Setup Time to Clk(13) 
48 
51 
62 
+30 
ns 


tH 
lor 
I/O Hold after Clk High 
0 
0 
0 
ns 


teo 
Clk High to Output Valid 
29 
30 
35 
ns 


teNT 
Register 
Output Feedback 
62 
66 
82 
+30 
ns 
to Register 
Input- 
Internal Path 


teH 
Clk High Time 
24 
25 
30 
ns 


tCl 
ClkLowTime 
24 
25 
30 
ns 
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ASYNCHRONOUS 
CLOCK 
MODE A.C. CHARACTERISTICS 
TA = O·C to + 70·C, Vcc = 5V ± SOlo, Turbo 
Bit On(9) 


5C18().70 
5C18().75 
5C18().90 
Non-Turbo 
Symbol 
Parameter 
EP1800-2 
EP1800 
Mode(ll) 
Unit 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


lAMA)( 
Max. Frequency 
20.8 
20 
16.6 
MHz 


11(tACH + tAcLl-No 
Feedback 


fACNT 
Max. Frequency 
16.1 
15.1 
12.2 
MHz 


1/tACNT- 
With Feedback 


tASUl 
Input Setup Time to Asynch. 
Clock(12) 
17 
19 
23 
+30 
ns 


tASU2 
1/0 Setup Time to Asynch. 
Clock(12) 
22 
25 
28 
+30 
ns 


tAH 
Input or 1/0 Hold to Asynch. 
Clock 
30 
30 
30 
ns 


tACO 
Asynch. 
Clk to Output Valid 
70 
75 
90 
ns 


tACNT 
Register 
Output 
Feedback 
62 
66 
82 
+30 
ns 


to Register 
Input- 


Internal 
Path 


tACH 
Asynch. 
Clk High Time 
24 
25 
30 
ns 


tACL 
Asynch. 
Clk Low Time 
24 
25 
30 
ns 


NOTES: 
12. For General 
and Global 
Macrocells. 


13. For Enhanced 
Macrocells. 


~'0J<============ 


HIGH 
Ih4PEDANCE 


3- 
STATE 
j-- tpzx 


HIGH 
Ih4PEDANCE 


3-STATE-~3 


• 


CLK1,CLK2, 


CLK3,CLK. 


ASYN. 
CLOCK 
INPUT 


(fRO ••• REGISTER 
TO OUTPUT) 


2<40 


220 


200 


180 


160 
1<40 


~ 
120 
l 
_ 
100 
J:l 
80 


60 
<40 


20 
o 
o 


2<40 


220 


200 


180 


160 
1<40 


]: 
120 
100 
E 
80 
60 
<40 


20 
o 
o 


/' 


./ 


./ 


.AI 


o~ t7 
I-:<..~(O'/ 
V 
/Non-Turbo 


I 
I 
II 


100 


';( 
50 
-5. 


"E 
20 
~ 
::I 
10 
0- 
::I2- 
5 
::I0 
~ 
2 
- 
I 
.....••......•... 


'OL 
IOH" 


5C180 
tpD Derating 
vs Capacitive 
Loading 


18ns 


16ns 
ans 


] 
12ns 


-; 
tOns 


~ 
8ns 
o 
6ns 
~ 
4ns 
2ns 
On. 


Conditions: 


TA = 25°C 
Vee 
= 5.0V 


SOpf 
90pf 
130pf 
170pf 


Capacitanco 


20 
<40 
60 
8085 


TElAP (C) • 
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5C180 
INTERNAL 
TIMING 
The following 
internal 
timing 
model 
and specifications 
are provided 
to aid in determining 
the different 


timing parameters 
for all permutations 
of timing paths through 
the device. 
The mnemonics 
in the table 
represent 
internal parameters 
only and should 
not be confused 
with external 
timing parameters 
shown 
in previous 
tables, 
even though 
some mnemonics 
are the same. 
-. 
SYSTEM CLOCK DELAY tiCS 
~ 


INPUT 
~ 
CLOCK DELAY tIC(e) 
~ 
REGISTER 
- 
DELAY 
tsu 
OUTPUT 
~ 
tiN 
tH 
DELAY 
tco 
---CII 
LOGIC ARRAY DELAY f-----. 
txz 
-. 
....• 
tLAD(o) 
tzx 
~ 


T 


I/O 
FEEDBACK 
- 
INPUT 
- 
DELAY 
DELAY 
~ 
tlO 
tm 


290111-38 


5C180-70 
5C180-75 
5C180-90 
Non-Turbo 
Symbol 
Parameter 
EP1800·2 
EP1800 
Mode(11) 
Unit 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tiN 
Input Pad and Buffer Delay 
10 
11 
14 
0 
ns 


tlO 
I/O Input Pad and Buffer Delay 
5 
5 
5 
0 
ns 


tLADe 
Enhanced 
Logic Array Delay 
35 
37 
43 
30 
ns 


tLAD 
Logic Array Delay 
40 
42 
48 
30 
ns 


too 
Output Buffer and Pad Delay 
15 
17 
23 
0 
ns 


tzx 
Output Buffer Enable 
15 
17 
23 
0 
ns 


txz 
Output Buffer Disable 
15 
17 
23 
0 
ns, 


tsu 
Register 
Setup Time 
12 
13 
18 
0 
ns 


tHS 
Register 
Hold Time (System Clock) 
0 
0 
0 
0 
ns 


tH 
Register 
Hold Time 
30 
30 
30 
0 
ns 


tlCe 
Enhanced 
Clock Delay 
35 
37 
43 
30 
ns 


tiC 
Clock Delay 
40 
42 
48 
30 
ns 


tiCS 
System Clock Delay 
4 
4 
4 
0 
ns 


tFD 
Feedback 
Delay 
10 
11 
16 
-30 
ns 


tClRe 
Enhanced 
Register Clear Time 
35 
37 
43 
30 
ns 


tClR 
Register 
Clear Time 
40 
42 
48 
30 
ns 
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The move from 5V to 3.3V supply voltages in the elec- 
tronics industry is well under way. The requirements of 
low-power computers and shrinking process geometries 
have finally spurred semiconductor manufacturers 
to 
qualify many 5V component designs for 3.3V opera- 
tion, as well as to design components for 3.3V opera- 
tion from the start. While the laptop/notebook market, 
as well as other battery-operated markets, will make a 
complete change to 3.3V-only operation as quickly as 
component 
manufacturers 
will allow, other markets 
will not move nearly as fast. Many other electronic 
products will be hybrid 5V/3.3V products for some 
time. 


Hybrid 5V/3.3V systems raise design issues that 5V- 
only or 3.3V-only systems do not. In addition to rout- 
ing/switching 
of two power sources, designers must 
consider the effects components with different drive 
levels have on one another when they are connected 
together. This application brief summarizes the issues 
with respect to drive levels from 5V and 3.3V compo- 
nents in hybrid systems, and shows how the multi-volt- 
age drive capability 
of Intel's 
iFX780 
FLEXlogic 
FPGA 
device greatly simplifies the design of hybrid 
systems, while integrating a large number of PLDs or 
discrete logic devices into a single package. 


A brief iFX780 product overview sets the context for 
the discussion. 


2.0 
PRODUCT OVERVIEW 
AND 110 
SUMMARY 


The iFX780 is the first member of Intel's FLEXlogic 
family of FPGA-class devices. The iFX780 is an 80 
macrocell device that offers a fast, deterministic 10 ns 
tpD from any input or I/O to any other I/O. It can 
operate in-system at speeds up to 80 MHz. Figure 1 


shows a block diagram of the iFX780 device in the 
132-pin package. The device is grouped into eight Con- 
figurable Function Blocks (CFBs); each CFB can be 
independently configured as a 24VID-type PLD or as a 
128 deep x lO-bit-wide bank of SRAM. This applica- 
tion brief does not discuss the advanced CFB and mac- 
rocell features of the device. For additional information 
on the architecture and features of the device, refer to 
the iFX780 FPGA 
data sheet (literature 
order no: 


290459) and other iFX780 application briefs. 


Of special note for hybrid systems is that fact that each 
CFB has its own output reference pin (Vceo) indepen- 
dent of the Vcc pins. This allows the 10 output buffers 
for each CFB to swing from OV-3.3V or OV-5V by 
tying its respective Vceo pin to a 3.3V or 5V source. 
Outputs of a CFB can even start out in product life as 
5V outputs to drive 5V devices and be shifted to 3.3V 
outputs when 3.3V devices are available via a manufac- 
turing jumper on the Vceo pin. Dynamic shifting of 
output levels is also possible via a voltage switch on the 
Vceo pin. The core of the iFX780 (everything but the 
3 


output buffers) requires 5V to operate. (Note that the 
84-pin package has six Vceo pins rather than eight; 
two pairs of CFBs share a Vceo pin.) 


Design tools allow outputs with like voltages to be as- 
signed to the same CFBs, via a keyword in the source 
file, such as "5VOLT" or "3VOLT" 
(the exact key- 


word and syntax will vary depending on the tool used). 
Note that while keywords allow design tools to group 
signals together, the actual voltage level of CFB out- 
puts is dependent on the Vceo pin. 


An open-drain option for all outputs is available and is 
also supported 
by a source file keyword, 
such as 
"OPEN_DRAIN". 
The open-drain option is support- 


ed on an output-by-output basis and is configured dur- 
ing programming, but can be changed via in-circuit re- 
configuration. 
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It also should be noted that inputs and I/O pin feed- 
backs on the iFX780 recognize 2.0Y as a logic high. 
Input leakage vs. standby current can be matched to 
CMOS or ITL input levels. This is done on an input- 
by-input basis via another set of keywords, such as 
"ITL_LEYEL" 
or "CMOS_LEYEL". 
Inputs are 
configured during programming but can be changed via 
in-circuit reconfiguration. 


The following sections describe iFX780 output buffers 
and input buffers in more detail, and discuss power se- 
quencing considerations for hybrid systems. 


3.0 OUTPUT 
BUFFER 
CONSIDERATIONS 


Figure 2 shows how the output buffers work. Two N- 
channel deviceson the left side of the diagram pull the 
output high or low, based on the inputs from the com- 
binatorial or registered macrocell, SRAM, or the 
JTAG register. The pull-up device pulls outputs to ap- 
proximately 3.0Y. Both devices are switched off for 
high-impedance mode. For open-drain operation, the 
upper device is always off while the lower device is 
switched. 


~ACROCELL 


SRA~, 
OR 
JTAG 
OUTPUT 


For logic high outputs, the weak P-channel device pulls 
the outputs past 3.0V to the level determined by the 
Vceo pin of a CFB. Thus any high level between 3.3V 
and 5V is supported by the output buffer. This P-chan- 
nel device is switched off for high-impedance mode and 
is always off for open-drain operation. Table 1 summa- 
rizes operation 
of the output 
buffers for different 
modes. 


No issues exist for a 3.3V output or I/O pin driving a 
3.3V input or bus. When a 3.3V output or I/O is driv- 
ing a 5V input, the high level of a 3.3V output is at least 
2.4V, which exceeds the 2.0V minimum for a 5V input 
device. No translator 
is required; designers should, 
however, check to see if the receiving device leaks cur- 
rent at TTL levels (system power consideration). 


When the 3.3V output or I/O is on a bus that includes 
both 3.3V and 5V devices, it is possible to drive a 5V 
high into the 3.3V output or I/O pin. The question 3 
naturally arises: "Will driving 5V into a 3.3V I/O pin 
latch up the output and therefore require that I use a 
translatorlbuffer?" 
For the iFX780, the answer is: 


"Definitely not." For shared bus applications, the N- 
channel pullup and the P-channel pullups are normally 
turned off when other devices are driving the bus (i.e., 
the iFX780 is in high impedance mode), otherwise bus 
contention would occur. Outputs, however, may be ac- 
tive for short periods of time during transitions and 
have 5V sourced even when in a high impedance state. 
Since all gate inputs to the N- and P-channel devices 
are referenced to 5V, no leakage occurs. Design tech- 
niques have been employed that prevent the P-channel 
device from latching up. This same protection is pres- 
ent for I/O pins implementing inputs or bi-directional 
I/O. (The exception occurs during power-up and pow- 
er-down; see "Power Sequencing" later in this brief.) 


No issues exist for a 5V output or I/O driving a 5V 
signal. When a 5V output or I/O drives a 3.3V input to 
another device, the recommended solution is to assign 
the output to a CFB whose Vceo pin is tied to 3.3V. 
Otherwise the designer must make sure that the 3.3V 
input on the receiving device is 5V-safe. 


For Open-Drain outputs, the N-channel and P-channel 
pullups are always off. Voltage and current at the out- 
put is determined by the size of the external pullup 
resistor in conjunction with the N-channel pulldown 
device of the output. 
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4.0 
INPUT BUFFER 
CONSIDERATIONS 


Figure 3 shows how the inputs and pin feedbacks work. 
All inputs and pin feedback paths on the iFX780 are 
5V-safe. Each input is passed through the interconnect 
matrix 
input buffer/multiplexer 
on its way to the 


CFBs. This buffer/multiplexer 
drops the input voltage 


slightly at the interconnect matrix. An internal pullup 
is available to pull inputs and feedback signals to 5V to 
control leakage in different cases. Table 2 summarizes 
the four possible cases. 


Case 1: With the pullup enabled and an input voltage of 
OVor 5V. the input operates within the leakage rating 
specified in the data sheet (II) and consumes no standby 
current (ISB). This is the recommended case for 5V 
CMOS inputs. 


Table 1. Output Buffer Mode Summary 


Output Mode 
N-Channel 
N-Channel 
P-Channel 
Pulldown 
Pullup 
Pullup 


Standard 
Output-Logic 
High 
Switched 
Off 
Switched 
On 
Switched 
On 


Standard 
Output-Logic 
Low 
Switched 
On 
Switched 
Off 
Switched 
Off 


Standard 
Output-High 
Impedance 
Switched 
Off 
Switched 
Off 
Switched 
Off 


Open-Drain 
Output-Logic 
High 
Switched 
Off 
Always Off 
Always Off 


(External 
Pullup) 
(External 
Pull up) 


Open-Drain 
Output-Logic 
Low 
Switched 
On 
(Pulls Against 
Always Off 
Always Off 
External 
Pull up) 


Open-Drain 
Output-High 
Impedance 
N/ A (External 
N/ A (External 
N/ A (External 


Pullup) 
Pullup) 
Pull up) 
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FROM 
OUTPUT 


BUFFER 
(I/O 
PINS ONLY) 


Case 2: With the pullup enabled and an input voltage 
between OVand 5V (e.g., being held at 3.0V by a TIL 
output), II will be higher than specification, causing ISB 
to be higher. Figure 4 shows the leakage current at 
different voltage levels. 


Case 3: With the pullup disabled and an input voltage 
of 5V, the internal voltage drop holds the input at ap- 
proximately 3V. ISB will be higher. 


Case 4: For input signals between OVand 3V, a design- 
er can disable the pullup to bring the leakage current 
back within specification. This is the recommended 
case for TIL or 3V CMOS inputs. It should be noted, 
however, that ISBis 10%-20% 
higher in this case than 
with case 2. 


When all CFB outputs operate at 5V levels, no power 
sequencing is necessary for the iFX780. Power sequenc- 
ing is required, however, when any or all CFB outputs 
operate at 3.3V levels. In this case, as is common with 
most devices and systems that use both 5V and 3.3V, 
the 5V source must be equal to or greater than the 3.3V 
source during power-up. During power-down, the 3.3V 
source must be less than or equal to the 5V source. This 
sequencing will prevent I/O latchup during power-up 
and reverse-bias through the Vcc pins during power- 
down. Figure 5 shows this sequencing. • 
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Input 
Internal 
Internal 
Signal Level 
Pullup Enabled 
Pullup Disabled 


Case 1: 
Case 3: 


VIH = 5V 
Ils10/LA 
I, s 
10/LA 
Low ISB 
Higher ISB 
(Recommended 
for 5V CMOS) 


Case 2: 
Case 4: 


VIH = 3V 
I, (See Figure 4) 
lis 
10/LA 
Higher ISB 
Higher ISB 
(Recommended 
for TTL and 3V CMOS) 
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The ability to receive and store data from one part of a 
system at one rate and point in time and to send that 
data to another part of the system at a different rate 
and point in time has made the FIFO (First In First 
Out) buffer an important element in system design. Off- 
the-shelf FIFOs come in many widths and depths and 
with several styles of interfaces. But additional compo- 
nents, usually PLOs, are still required to make them 
work in most systems. The iFX780 FPGA architecture 
allows application-specific FIFOs (memory included!) 
to be implemented in a single device, a task not possible 
with most other FPGA architectures. 


Application-specific FIFOs can be used in a wide vari- 
ety of applications, including: 
• Peripherals for data acquisition in embedded sys- 


tems. 


• Bridging buffers in systems that implement more 
than one bus type. 
• Accelerators in imaging and instrumentation. 


This brief shows how to implement FIFOs in a single 
iFX780 FLEXlogic FPGA. A general-purpose FIFO is 
described and guidelines for several modifications to 
the original design are provided. 


The iFX780 is the first member of Intel's FLEXlogic 
fatnily of FPGA-class 
devices. The iFX780 
is an 
80-macrocell device that offers a fast, deterministic 10 
ns tpD from any input or I/O to any I/O. It can oper- 
ate in-system at speeds up to 80 MHz. The device is 
grouped 
into 
eight 
Configurable 
Function 
Blocks 
(CFBs). Each CFB can be independently configured as 
a 24VIO-type PLO with parallel identity compare or as 
a l28-deep x IO-bit-wide bank of SRAM. 


This ability to use a CFB either as a bank of SRAM or 
as programmable logic allows FIFOs to be implement- 
ed in a single iFX780 device. CFBs configured as 
SRAM provide data storage while CFBs configured as 
PLOs provide the control logic and system interface. 
This application brief discusses only those features of 
the device that apply directly to FIFO implementation. 
For additional information on the architecture and fea- 
tures of the device, refer to the iFX780 FPGA data 
sheet (literature order no: 290459) and other applica- 
tion briefs. 


The interface to a CFB configured as SRAM is the 
same as for most discrete SRAM devices. Address lines 
A6-AO 
select an individual memory location. BE# 
(Block Enable#), 
WE# 
(Write Enable#), 
and OE# 


(Output Enable#) 
are the control signals. Ten data in- 
puts (019-010) 
come from the interconnect matrix, 
while ten data outputs 09-00) 
are available at I/O 
pins and/or 
as feedbacks to the interconnect matrix. 


I/O pins can also use the pin feedback paths to imple- 
ment bi-directional I/O if common SRAM inputs and 
outputs are required. 


When configured as a 24VIO PLO, an identity compare 
of up to 12 bits can be performed in parallel with stan- 
dard 
SOP logic for each CFB. Two asynchronous 


clocks are available for each CFB and can be used on a 
macrocell-by-macrocell basis in the CFB. Each macro- 
cell can implement registered or combinatorial 
logic 
with a variety of clocking and control options. Oual 
feedback allows macrocell outputs to be buried while 
leaving the I/O pin available for use as an input. In the 
132-pin package, outputs from all 80 macrocells are 
available at I/O pins. In the 84-pin package, outputs 3 
from 60 macrocells are available at I/O pins; outputs 
from the remaining 20 macrocells are buried. 


Figure I shows a block diagram of the FIFO circuit 
implemented here. The design is a 128-deep x IO-bit- 
wide FIFO with separate read and write ports. 


The read pointer is implemented using seven macrocells 
configured as registers (RP6- RPO); the write pointer 
also uses seven macrocells 
configured 
as registers 


(WP6- WPO). Both pointers use an asynchronous clock 
that transitions on the trailing edge of the RO # or 
WR# command, respectively. Seven additional macro- 
cells configured as combinatorial logic are used to mul- 
tiplex the read and write pointers to the SRAM address 
lines (A6-AO). 


The identity compare logic compares the read pointer 
with the write pointer. The compare output (REQW or 
Read EQuals Write) feeds a Tracking State Machine 
(TSM) that keeps track of read and write operations. 
Figure 2 shows the state diagram for the TSM. In re- 
sponse to a RESET # pulse, the TSM transitions to the 
FIFO_EMPTY 
state, awaiting the first write. The 
TSM clocks on the leading edge of the RO # or WR # 
command and tracks any combination 
of read and 


write operations. The current state is combined with 
REQW to generate the EMPTY# 
or FULL# 
signals. 


These signals inform the system when the FIFO is emp- 
ty or full to help prevent data overrun or underrun. The 
system is responsible for holding off on reads if the 
FIFO is empty and holding off on writes if the FIFO is 
full. Since the SRAM is not dual-ported, 
reads and 
writes are not permitted at the same time. 
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Device utilization is four CFBs (one used as SRAM 
and three as 24VlO logic). This is only half the resourc- 
es of the iFX780 The number of macrocells in the logic 
portions is broken down as follows: 


tACO+ tpD + (tAAor tAW)= total delay 
1/total delay = max. frequency 


Read Pointer 
Write Pointer 
Multiplexer 
Compare 
State Machine 


Total 


7 macrocells 
7 macrocells 
7 macrocells 
1 macrocell 
5 macrocells 


27 macrocells 


12 ns + 10 ns + 15 ns = 37 ns 


1/37 
ns = 27 MHz 


tACO is the c1ock-to-output timing from the falling 
edge of the RD '*' 
or WR '*' 
command line. tpD is the 
time the pointers take to propagate through the multi- 
plexer. tAA is the read access time for the SRAM; tAw 
is the write access time. 


Read and write access timing for FIFO operations is 
shown in Figure 3. Read and write access times are 
both 25 ns. Reads from and writes to the FIFO imple- 
mented in the iFX780-IO can operate at up to 27 MHz. 
This is determined by the maximum delay paths from 
the read/write pointer, through the address multiplex- 
er, to the SRAM, as follows: 


The predictable nature of the device architecture makes 
it easy to determine timing for circuits implemented in 
the iFX780. For a detailed discussion on iFX780 tim- 
ing, refer to AB-51, "FLEXlogic iFX780 Logic Config- 
uration Timing", literature order no: 292112. 
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scaled and/or modified for different application needs. 
Modifications include the following: 


• SRAM blocks can be added in parallel to easily in- 
crease the width of the FIFO. No changes need to 
be made to the Tracking State Machine. SRAM 
blocks can also be added to increase the depth of the 
FIFO. The read and write pointers and the multi- 
plexer/compare 
logic would have to be widened 
slightly to address the additional memory. The out- 
puts from the SRAM blocks would need to be OR- 
tied, making use of the iFX780 open-drain output 
option. In this case, output enable equations need to 
ensure that only one SRAM block is driving the 
common output bus at any given time. External 
pullup resistors are required on the common output 
bus. 
• The interfaces to the FIFO for this example were 
purposely kept simple. The fact that these interfaces 
are implemented 
using standard 
PLD state ma- 
chines and command decode techniques allows each 


:_~ I 
• Ct'll outputs III the iFX780 can swing at 5V levels 
or 3.3V levels. Inputs respond to 2.0V as a logic 
high, regardless of the output swing. This allows 
FIFOs to be designed for use in hybrid 5V/3.3V 
systems. Refer to AB-27 "Using the iFX780 in Hy- 
brid 3.3V/5V Systems", literature order no: 272107 
for detailed information. 


• If an application needs more FIFO space than pro- 
vided by internal SRAM, the outputs from the ad- 
dress multiplexer can drive an external SRAM de- 
vice. The base design will need some slight modifica- 
tions (width of counters 
and multiplexer). 
This, 


however, frees up the CFB originally used as SRAM 
for implementing additional logic. 


• A modified form of the FIFO design could be used 
to implement a processor stack. Since a stack is by 
nature a single-port LIFO (Last In First Out) buff- 
er, a single up/down counter could be used in place 
of the two pointers. This eliminates the need for the 
multiplexer. 
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The embedded processor market lacks the standard sys- 
tems architectures that exist in other markets. As a re- 
sult, standard chipsets are not available to help design 
products 
for the embedded 
market. 
This 
situation 
makes the job of embedded system design more difficult 
than it might otherwise be. Many of the same subsys- 
tems need to be designed for embedded systems as for 
other markets, but fewer off-the-shelf building blocks 
are available. 


This application brief shows a DRAM controller for an 
8096OCA-based embedded system, implemented in a 
single iFX780 FLEXIogic FPGA. Since the iFX780 is a 
programmable device, this design provides a standard 
building block for embedded systems that allows cus- 
tomization for different memory subsystems, processor 
variations, and applications. ,The DRAM controller re- 
quires only 30% of the macrocells in the iFX780, thus 
allowing additional 
logic functions to be integrated 
with no additional board space. 


The iFX780 is the first member of Intel's FLEX-logic 
family of FPGA devices. The iFX780 is an 80-macro- 
cell device that offers a fast, deterministic 
10 ns tPD 
from any input or I/O to any I/O. It can operate in- 
system at speeds of up to 80 MHz. The device is 
grouped 
into 
eight 
Configurable 
Function 
Blocks 
(CFBs); each CFB can be independently configured as 
a 24VIO-type PLD or as a 128-deep x lO-bit-wide bank 
ofSRAM. 


In the 132-pin package, outputs from all 80 macrocells 
are available at I/O pins. In the 84-pin package, out- 
puts from 60 macrocells are available at I/O pins; out- 
puts from the remaining 20 macrocells are buried. 


The speed and density of the iFX780 allow it to easily 
implement DRAM controllers. The DRAM controller 
described here uses CFBs as 24VIO-type PLDs and 
does not require the use of the SRAM capability. This 
application brief discusses only those features of the 
device that apply to DRAM 
controller applications. 
For additional information on the architecture and fea- 
tures of the device, refer to the iFX780 FPGA data 
sheet (literature order no: 290459) and other iFX780 
application briefs. 


When configured as a 24VlO PLD, an identity compare 
of up to 12bits can be performed in parallel to the SOP 
logic for each CFB. Each macrocell can implement reg- 
istered or combinatorial logic with a variety of clocking 
and control 
options. Two asynchronous 
clocks are 
available for each CFB and can be used on a macrocell- 
• 
by-macrocell basis in a CFB. Each register can be con- 
figured as D-type or T-type registers. T-type or Toggle 
registers can greatly reduce the number of p-terms in 
state machines of D-type registers, thereby increasing 
the probability of designs fitting into a device. Dual 
feedback allows macrocell outputs to be buried while 
leaving the I/O pin available for use as an input. 


Figure 1 shows a block diagram of the DRAM subsys- 
tem. This subsystem provides 16 Mbytes of DRAM for 
a 16 MHz single-clock mode 80960CA embedded proc- 
eSsorsystem. The memory is segmented into four banks 
of nine DRAM devices, allowing 32-bit wide memory 
accesses with a parity bit for each byte. Each bank con- 
tains 4-Megabit x 1 nibble-mode DRAMS. 
Nibble- 
mode DRAMs are used to support burst cycles of one 
to four transfers in length with each bit of a nibble 
providing one bit of a transfer. The banks are not inter- 
leaved. 


Two clocks are available, BCLK, which runs at the 
processor rate of 16 MHz, and BCLK2X, which is 
twice the processor rate at 32 MHz. This allows the 
DRAM state machine to sequence twice for each proc- 
essor clock cycle. 
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Four Bi-CMOS bus transceivers with parity generation 
and checking interface the DRAM banks to the proces- 
sor data bus. A parity bit is generated and stored dur- 
ing each DRAM write. During each read, the parity bit 
is regenerated from the data and compared 
to the 


stored parity bit. A parity mismatch is flagged as an 
error. RD_DRAM# 
and WT_DRAM# 
control the 


direction of data flow through the transceivers. 


Three multiplexers translate the 22 address signals into 
the 11 DRAM address lines. ADDMUX # from the 
controller feeds the select input to the multiplexers to 
determine whether the row or column address is being 
sent. 


4.0 
IMPLEMENTING THE DRAM 
CONTROLLER 


Figure 2 shows a block di;gram of the DRAM control- 
ler circuit. The DRAM controller includes two blocks, 
a Refresh Counter, and a Cycle State Machine (CSM). 
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The Refresh Counter provides a refresh request pulse 
(REFREQ) to the CSM every 16 IJ-s.This pulse is gen- 
erated by clocking the counter with the 16 MHz BCLK 
signal and counting 250 clock cycles. REFREQ is then 
generated for a single clock cycle. A refresh cycle every 
16 IJ-sguarantees that all 1024 rows in the DRAM are 
refreshed once every 16.38 ms. The CSM arbitrates be- 
tween refresh requests and read/write 
commands and 
executes the DRAM refresh cycle. 


The DRAM CSM operates from the faster 32 MHz 
BCLK2X but uses the slower 16 MHz BCLK to make 
sure that DRAM cycles are in phase with processor 
cycles. The 
CSM 
uses 
five registered 
macrocells 
(Q4-QO) to define the eleven states shown in Figure 3. 
A decode stage in the CSM uses the output states from 
the registers to generate the appropriate DRAM and 
buffer/multiplexer 
control signals. The read and write 
paths are the same except for the entry points and the 
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fresh path allows a quick exit from REFRESH4 to the 
read or write path to save the time a transition through 
an IDLE state would consume. 


The active-high CAS3-0 
and RAS signals from the 
CSM drive inverters, which in turn drive the DRAM 
arrays. The inverters provide the drive capability for 
the DRAM CAS and RAS signals and the proper po- 
larity. Nibble-mode DRAM accesses require a single 
RAS for a burst cycle of one to four transfers. RAS 
stores the row address in the DRAM for the entire 
burst. A CAS pulse is generated for each transfer of a 
burst cycle to access one bit of the nibble. This se- 
quence of one RAS and one to four CAS pulses is used 
for all reads and writes. Burst cycles are terminated 
when BLAST # is sampled active at the end of a trans- 
fer. (BLAST# 
is provided by the processor.) 


RD_DRAM#, 
WT_DRAM#, 
ADDMUX#, 
and 
WE# 
are generated during the appropriate states to 


control the data transceivers and address multiplexers 
and to write data into the DRAM devices. RDY # is 
generated to the processor to terminate each transfer of 
a burst cycle. 


The CSM arbitrates refresh requests in the IDLE state. 
Refresh is accomplished by a CAS before RAS refresh 
sequence. A single CAS pulse on all four CAS signals is 
followed by a single RAS pulse. 


The 16 MHz clock signal is called by two different 
names. RCLK is the name when used as the refresh 
counter clock. For this function a dedicated clock pin is 
used. BCLK is the name when used as an input to the 
CSM. For this function, an input is used. These two 
inputs must be tied together on the printed circuit 
board. 


The number of macrocells required to implement the 
DRAM controller is as follows: 


Refresh Counter 
Control State Machine 


Total 


10 macrocells 
19 macrocells 


29 macrocells 


This represents 3 CFBs < 40% of the macrocells pro- 
vided by the iFX780. 


Timing for the DRAM 
controller 
is based on the 
iFX780-lS version, 80 ns, 4-Megabit x 1, nibble-mode 
DRAM (HMSI41O-8), BiCMOS data transceivers with 
parity (74BCT29833), quad 2-input address multiplexers 
(74AC111S7), and discrete hex inverters (74AC11204). 
Delays through the SSI devices are as follows: 


uevlce 


Data Transceiver 
Delay 
(Flow Through) 


Address 
Multiplexer 
Delay 
(Switch from A to B) 


Inverter Delay 


uelay 
10 ns 


Address valid, data valid, and data setup times for the 
80960CA are also crucial for determining memory ac- 
cess timing. These parameters for the 16 MHz version 
are as follows: 


Parameter 
Address 
Valid from BCLK 
Data Valid (Writes) 
Data Setup (Reads) 


Value 


3ns-18ns 
3 ns-20 
ns 
5 ns min. 


Figure 4 shows a three-transfer burst read cycle. Burst 
write cycles are basically the same; only the WE# sig- 
nal is different. RD_DRAM#, 
WT_DRAM#, 
and 


ADDMUX # are not shown; their timing is the same 
as WE#. Tables 1-S show the results ofa timing anal- 
ysis for burst DRAM reads/writes 
and refresh cycles. 


Where timing greatly exceeds requirements, an approx- 
imation is given (usually in 62.S ns clock periods). Ac- 
tual values are provided where timing starts to get 
close. Delays for the DRAM are taken from the manu- 
facturer's data sheet. Delays for the iFX780 are taken 
from the IS ns column of the iFX780 data sheet. Some 
parameters concern only the processor, interface com- 
ponents and DRAM devices; these are shown in paren- 
theses in the iFX780 Description column rather than as 
an iFX780 parameter. 


To summarize what is covered in detail in the tables 
the iFX780 meets all the timing parameters for opera~ 
tion in this application. DRAM reads and writes re- 
quire two wait states for the first transfer of a burst and 
one wait state for the remaining transfers. 


6.0 
CUSTOMIZING 
THE 
CONTROLLER 


Many of the features of the DRAM controller shown 
her.emay be scaled and/or modified for different appli- 
catIOns needs. For example: 
• CFB outputs in the iFX780 can swing at SV levels 


or 3.3V levels. Inputs respond to both levels. This 
allows DRAM controllers to be designed for use in 
hybrid SV/3.3V systems. Refer to AB-27 "Using the 
iFX780 in Hybrid 3.3V/SV Systems", literature or- 
der number: 272107 for detailed information. 


• MEM_SEL 
is an externally generated signal in this 


design. The identity compare could be used with or 
without additional logic to generate the MEM_ 
SEL signal internally. This delay would be substitut- 
ed for external address decode delay. 
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• 
Generation 
of RAS and CAS can be modified 
for 
DRAM 
devices that use different 
read/write 
or re- 
fresh sequences. 


• 
The refresh counter is built using a general purpose 
counter 
that can be easily scaled according 
to the 
refresh requirements 
of different 
DRAMs 
and dif- 
ferent system clock frequencies. 


The performance, 
integration, 
flexibility, 
and ease-of- 


use designed into the iFX780 
FLEXlogic 
FPGA 
allows 


it to easily implement 
DRAM 
controllers 
for a wide 
variety of embedded systems applications. 
The density 


provided by the iFX780 
allows additional 
functions 
to 


be implemented 
in the same device with no additional 


board space over the original 
DRAM 
controller 
space. 


DRAM 
DRAM 
FPGA 
FPGA 
IFX780 DRAM Controller 
DRAM Parameter 
IDescrlptlon 
Mln 
Max 
Mln 
Max 
Description 
(ns) 
(ns) 
(ns) 
(ns) 


tRc-Random 
Read or Write 
150 
-250 
Four BCLK Periods for Back-to- 


Cycle Time 
Back Memory Cycles. 


tRP-RAS# 
Precharge 
Time 
60 
-125 
Two BCLK periods. 


tRAS-RAS 
# Pulse Width 
80 
10,000 
-125 
-1,000 
Two BCLK Periods for 1 
Transfer 
Burst; Eight BCLK 
Periods for 4 Transfer 
Bursts. 


teAs-CAS 
# Pulse Width 
25 
10,000 
-62.5 
-62.5 
One BCLK Period Per CAS # 
pulse. 


tASR-Row 
Address 
Setup Time 
0 
nfa 
nfa 
Address 
Delay from Processor 


through 
Address 
Multiplexer. 


iFX780 not in Path. ( - 65 ns) 


tRAH-Row 
Address 
Hold Time 
12 
nfa 
nfa 
Clock-to-Output 
Delay through 


Comb. Macrocell 
from iFX780 


plus Address 
Multiplexer 
Delay. 


(15.5 ns Min and 21.5 ns Max.) 


tASc-Column 
Address 
Setup 
0 
-51 
One BCLK Period minus tRAH 


Time 
Max. 


teAH-Column 
Address 
Hold 
15 
-62.5 
One BCLK Period. 


Time 


tRco-RAS 
# to CAS # Delay 
22 
55 
-62.5 
One BCLK Period. 


tRSH-RAS 
# Hold Time 
25 
-62.5 
One BCLK Period. 


tRAo-RAS# 
to Column 
17 
40 
nfa 
nfa 
Clock-to-Output 
Delay through 


Address 
Delay 
Comb. Macrocell 
from iFX780 


plus Address 
Multiplexer 
Delay. 


(20 ns Min. and 24.5 ns Max.) 


tcsH-CAS# 
Hold Time 
80 
-125 
Two BCLK Periods. 


tCRp-CAS# 
to RAS# 
5 
-125 
Two BCLK Periods for Back-to- 


Precharge 
Back Memory Cycles. 


tREP-Refresh 
Period 
16 ms 
16 ms 
16.38 ms for Full Refresh. 


DRAM 
DRAM 
FPGA 
FPGA 
iFX780 DRAM Controller 
DRAM Parameter 
IDescriptlon 
Mln 
Max 
Mln 
Max 
Description 
(ns) 
(ns) 
(ns) 
(ns) 


tRAc-Access 
Time from RAS# 
80 
107.5 
Two BCLK Periods minus RAS# 
Inverter minus Data Transceiver 
Delay minus Processor 
Setup 
Time. 


teAc-Access 
Time from Falling 
25 
47.5 
One BCLK Period minus Data 
Edge 
Transceiver 
Delay minus 
Processor 
Setup Time. 


tM-Access 
Time from Column 
40 
96 
One BCLK Period plus tASC 
Address 
minus data transceiver 
delay 
minus Processor 
Data Setup 
Time 


tRcs-Read 
Command 
Setup 
0 
-62.5 
One BCLK Period. 


Time 


tRcH-Read 
Command 
Hold 
0 
-62.5 
One BCLK Period. 


Time Referenced 
to RAS # 


tRRH-Read 
Command 
Hold 
10 
-62.5 
One BCLK Period. 


Time Referenced 
to RAS # 


toFF-Dutput 
Buffer Turnoff 
0 
20 
n/a 
nfa 
DRAM Delay through 
Data 
Delay 
Transceiver. 
iFX780 not in Path. 


(10 ns. Min and 30 ns Max.) 


DRAM 
DRAM 
FPGA 
FPGA 
IFX780 DRAM Controller 
DRAM Parameter IDescription 
Mln 
Max 
Min 
Max 
Description 
(ns) 
(ns) 
(ns) 
(ns) 


twcs-Write 
Command 
Setup 
0 
-62.5 
One BCLK Period. 
Time 


twcH-Write 
Command 
Hold 
15 
-62.5 
-62.5 
One BCLK Period. 
Time 


teWL-Write 
Command 
to 
25 
-62.5 
One BCLK Period. 


CAS # Lead Time 


tos-Data 
in Setup Time 
0 
nfa 
n/a 
Delay from Processor 
through 
Data Transceiver. 
iFX780 not in 


Path. (40 ns Min.) 


tOH-Data 
in Hold Time 
15 
nfa 
nfa 
Delay from Processor 
through 
Data Transceiver. 
iFX780 not in 
Path. (65.5 ms Min.) 
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DRAM Parameter IDescriptlon 
DRAM 
DRAM 
FPGA 
FPGA 
iFX780 DRAM Controller 
Mln 
Max 
Mln 
Max 
(CAS# 
Before 
RAS#) 
(ns) 
(ns) 
(ns) 
(ns) 
Description 


teSR-CAS 
# Setup Time 
10 
-62.5 
-62.5 
One BCLK period. 


teHR-CAS# 
Hold Time 
20 
-62.5 
-62.5 
One BCLK period. 


tRPc-RAS 
# Precharge 
to 
10 
-62.5 
-62.5 
One BCLK period. 


CAS # Hold Time 


DRAM 
DRAM 
FPGA 
FPGA 
iFX780 DRAM Controller 
DRAM Parameter IDescriptlon 
Mln 
Max 
Mln 
Max 
Description 
(ns) 
(ns) 
(ns) 
(ns) 


tNAc-Nibble-Mode 
Access 
25 
-40 
One BCLK Period minus CAS # 


Time 
Inverter Delay minus Data 
Transceiver 
Delay minus 
Processor 
Data Setup Time. 


tNc-Nibble-Mode 
Cycle Time 
45 
-125 
Two BCLK periods. 


tNcp-Nibble-Mode 
CAS # 
10 
-62.5 
One BCLK Period. 


Precharge 
Time 


tNcA-Nibble-Mode 
CAS# 
25 
80 
-62.5 
-62.5 
One BCLK Period. 


Pulse Width 


tMRsH-Nibble-Mode 
RAS# 
25 
-62.5 
One BCLK Period. 


Hold Time 
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With the advent of Field Programmable Gate Arrays 
(FPGAs), 
designers have the ability to quickly inte- 
grate large amounts of logic into a single device. A wide 
variety of CAE tools exist which take designs described 
in text and/or graphic formats and translate them into 
a functioning FPGA in a very short period of time. 


But function 
alone is not the entire equation. 
An 
FPGA design must also meet timing requirements dic- 
tated by system needs. Many FPGA devices fail to op- 
erate in even moderate performance designs, running 
out of steam at 20 MHz or less. Very few FPGAs deliv- 
er the predictable high performance required to meet 
the needs of high speed systems running at 50 MHz- 
80 MHz. 


The Intel FX780 operates easily and predictably in 
50 MHz to 80 MHz systems. This application brief dis- 
cusses all of the timing parameters necessary to per- 
form predictable, high-speed design with this device. 


FPGA devices fall into one of two fundamental archi- 
tectural categories: fine-grained and segmented. 


Fine-grained FPGAs 
have device resources grouped 
into blocks of two registers or less. Although this archi- 
tecture historically has yielded the highest density de- 
vices, it is also characterized by variable routing delays 
between device resources that are not fully known until 
the final "place and route" process is done. Maximum 
device performance is often limited by the longest delay 
path. Only after analysis of all paths can the true per- 
formance be determined and compared to the require- 
ments of the design. If the performance is unacceptable, 
manual constraints must be added to the "place and 
route" process and another iteration must be complet- 
ed. For high performance systems, tedious hand inter- 
vention in the "place and route" process is usually a 
requirement to meet performance goals. Even then, the 
designer may not be successful. 


Segmented architecture 
FPGAs, 
such as the Intel 
FLEXlogic family, have device resources grouped into 
larger "PLO" blocks which contain 10 or more macro- 
cells that can be configured for registered or combina- 
toriallogic functions. Segmented FPGAs are character- 
ized by fixed routing delays between device resources 
that can be tested, guaranteed and specified in the de- 
vice's datasheet. This approach yields devices that pro- 
vide higher performance in most applications. 


In the FLEXlogic devices, the delay through the Glob- 
al Interconnect Matrix is uniform between any two reg- 
isters. The same holds true for all input and I/O to 
register paths. Thus, performance is predictable for all 
possible routing combinations. 


To summarize, segmented architecture FPGAs provide 
higher and more predictable performance than fine- 
grained FPGAs. 


The 
first member 
in Intel's 
FLEXlogic 
family of 
FPGAs is the iFX780. The FLEXlogic iFX780 is a 
very fast, medium-density, 
low power FPGA. 
The 
SRAM-based, segmented architecture iFX780 contains 
80 advanced macrocells which are organized into 8 
Configurable Function Blocks (CFBs) (Figure 1). Each 
CFB can be coafigured as a 24VIO-type PLO or as a 
128 deep x 10 wide bank of 15 ns SRAM. Each CFB in 
the 132-pin PQFP and each pair of CFBs in the 84-pin 
PLCC version have selectable 5V/3.3V output buffers. 


Clocking options allow setup and clock-to-output times 
to be matched to the requirements of system timing. 
Flexible control signals and a parallel comparator allow 
complex functions to be implemented in each CFB. 


The iFX780 is initialized by on-chip non-volatile mem- 
ory, but can be reconfigured in-circuit. Reconfiguration 
as well as boundary scan testing is accomplished via the 
JTAG 1149.1 test port. For more information, refer to 
the iFX780 datasheet (Lit. # 290459). 


Tools support 
for the iFX780 includes Intel's 
free 
PLOshell Plus software as well as most commonly used 
third-party FPGA/PLO 
design tools. 


Although each CFB can be configured as either general 
purpose logic (24VI0s) or as fast SRAM, this timing 
discussion will focus on logic configurations. A thor- 
ough discussion of SRAM configuration timing is in- 
cluded in the iFX780 datasheet, literature order num- 
ber 290459. 


For designs that 
use the CFBs as general purpose 
24VIO blocks, only a few core timing parameters need 
to be considered. Combinatorial logic sections of the 
design involve TpD. Multiple passes through CFBs in- 
volve an integer multiple of TpD. Control of the tri- 
state function on every I/O pin is described by Tzx and 
Txz. The timing for registered logic sections is com- 
pletely described by Tsu, Tea and TH. 


All of these parameters are tested, guaranteed and spec- 
ified in the iFX780 datasheet under worst-case condi- 
tions. The definition of worst case is Vee 
= 
Min, 
Temp = Max for a given temperature-grade device. 


• 
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TPO is the combinatorial signal propagation delay from 
any device input or I/O pin, through the global inter- 
connect matrix, through the logic array (macrocell), 
and out the device I/O (Figure 2). Any function that 
can be implemented in one pass through the logic array 
is described by the parameter TPD. For two of the ten 
macrocells in each CFB, a function can be up to 16 
product terms wide. For the remaining 8 macrocells in 
each CFB, the maximum function can be up to 8 prod- 
uct terms wide. A product term is generically defined 
as an "N-input AND gate". A macrocell that contains 
16 product terms is thus capable of logically "OR"ing 
16 N-input AND gates. In the iFX780, the maximum 
value for N is 24, which is the number of terms that 
fan-into each CFB from the Global Interconnect Ma- 
trix. 


To implement their maximum width functions, iFX780 
macrocells borrow product 
terms from neighboring 


macrocells. There is no additional delay incurred by 
signals that use borrowed product terms. Because of 
this, no timing consideration needs to be made with 
respect to product term allocation. 


Very complex combinatorial functions, from 17 to 248 
product terms, can be implemented by distributing the 
function over one or more macrocells that serially feed 
an output macrocell (see Figure 3). In this situation, the 
pin-to-pin delay would be two times Tpo. 


In addition to being able to implement logic on product 
terms, the iFX780 contains dedicated identity compare 
logic in each CFB. Any or all 'of the 24 signals that feed 
into the CFB from the Global Interconnect Matrix may 
be formed into two data words that feed into the dedi- 
cated compare logic. The result of the compare func- 
tion may then be connected to any single macrocell in 
the CFB as a product term (see Figure 4). Identity 3 
compares of up to 12 bits can be performed with the 
iFX780 in one TPD. 


A design may require the result of the compare to be 
"AND"ed 
with other signals to generate the required 
output. This is most often encountered when using the 
compare output in the state-transition equations of a 
state machine. To accomplish this, a macrocell is used 
to feed the identity compare result onto the Global In- 
terconnect Matrix. It can then be brought back into any 
CFB and "AND"ed with the required signals (see Fig- 
ure 5). The pin-to-pin timing for this operation would 
be two times TpD. 


Signals fed into the identity compare logic are still 
available to all the macrocells in the CFB. 


Tsu is the time that valid data must be present on a 
device input pin before a clock signal can be applied to 
its device pin to latch the data into a device register. 
TSU is the difference between the clock path delay and 
the data path delay plus the internal register data setup 
time requirement. The iFX780 allows the designer to 
select from 3 specific Tsu options to allow fine tuning 
to best support system timing requirements. 


Teo is the time delay between a valid clock signal ar- 
riving at its device input pin and valid new data being 
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available on a register's output pin. Each of the 3 TSU 
timing options on the iFX780 has a corresponding Teo 
parameter. 


TH is the time data must be held valid on a device pin 
after the rising edge of the clock has occurred on its 
respective device pin. 


Figure 6 shows the details of the 3 clocking options: 
Synchronous, 
Delayed-Synchronous 
and 
Asynchro- 


nous. With each of the options, signal inversion is se- 
lectable on a register basis. This allows for rising or 
falling edge clocking, resulting in finer timing control 
granularity. 


Registers connected to either of the two device synchro- 
nous clock pins are optimized for minimum Teo (Fig- 
ure 6a). This is because the device synchronous clocks 
are routed 
globally via fast dedicated 
clock 
lines 


throughout the device. 


Because the synchronous clock path is very fast, data 
that is destined for a synchronously clocked register 
must be given the largest head start or set up time to 
reach the register. This is reflected in the Tsu parame- 
ter for synchronously clocked registers being the long- 
est of the 3 clocking options. Again, this is traded for a 
fast Teo. 


The middle clocking option is the delayed-synchronous 
clock (Figure 6b). By selecting this option, a register 
receives a delayed version of one of the two device syn- 
chronous clocks. This reduces the head start that data 
requires to reach the register, which is reflected in a 
smaller TSU value. This shorter setup time is traded for 
an increase in Teo and the introduction of a short data 
hold time. 


For data signals that only allow for very short set up 
times to their clock signals, any of the locally developed 
asynchronous clocks may be used which are optimized 
for minimum TSU (Figure 6c). The product-term-based 
asynchronous clock provides a clock delay path that 
matches the data delay path. This results in the mini- 
mum TSU traded for an increase in TCO and a data 
hold time consideration. Table I summarizes Tsu and 
,Teo for the 10 ns TpD version of the iFX780. 


The fast or delayed version of the two global synchro- 
nous clocks is selected on a CFB basis. 
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Each CFB has two product terms dedicated to develop 
two asynchronous clocks from any of the 24 signals 
that 
fan-in 
from 
the 
Global 
Interconnect 
Matrix. 
"AND" functions as well as pure "OR" functions may 
be used to develop an asynchronous clock, since the 
inversion available at the register may be used to imple- 
ment DeMorgans inversion. 


6.0 
COUNTERS 
AND 
STATEMACHINES 


Up until now, discussion has centered around trivial 
delay paths to illustrate fundamental timing parame- 
ters. Real designs, however, involve feedback paths and 
mixed clocking. As will be shown, even complex de- 
signs can easily be broken into predictable, fundamen- 
tal parameters. 


Figure 7 shows a 3-bit counter comprising of QO, QI 
and Q2. In this example, the output of QO is brought 
out to an I/O pin (maybe for a divide-by-two clock). 
Q2 was also implemented on a macrocell that feeds an 
I/O pin. Since it was not needed externally (for the sake 
of this example), the fitter used the buried feedback 
path for the Q2 output signal. This left the I/O pin free 
to serve as a pure device input. All of the I/O macro- 
cells on the iFX780 have dual feedback to optimize the 
availability of the I/O pins. QI is shown on a buried 
macrocell, which is not connected to an I/O pin. 


NOTE: 
On the 84-pin version of the iFX780, 20 macrocells 
are buried, while the 132-pin version has all 80 of the 
macrocells connected to I/O pins. 


Tsu 
TH 
Tea 


Synchronous 
6.5 ns 
o ns 
6 ns 


Delayed Sync 
5 ns 
2 ns 
8 ns 


Asynchronous 
2 ns 
5 ns 
12 ns 


In determining the maximum operating frequency of 
this counter, Tsu and Tea must be considered for the 
specific clock option chosen to run the counter. The 
timing associated with QOfeeding back to QI is simply 
the Tea ofQO and the TSU into QI. In the case ofQI 
and Q2, which utilize the buried feedback path, one 
more piece of information is needed. 


All of the feedback paths that go out to the PIN on the 
iFX780 have been optimized so that they are just as fast 
as the BURIED feedback paths. This means the delay 
from the output of one register to the input of another 
is the same, regardless of whether the buried feedback 
or the pin feedback path is used. This is shown in Fig- 
ure 7: 


This fact allows the application of the same Tsu and 
Tea to the timing analysis of both pin and buried feed- 
back counters. The conversion of Tsu + Tea into a 
counter frequency is already given in the iFX780 data- 
sheet as the Fcntl and Fcnt2 parameters. 


00 
Ql 


..J...: 
CD0 
..J 
<:> 


gnd 


00· 
Ql 


Traditionally, programmable logic performance is spec- 
ified both for pin/external 
feedback counters (which 


reflects system level performance), as well as buried- 
feedback counters. The parameter Fcnt I describes a 
pin-feedback counter and is defined by the equation: 


where TBF = buried feedback delay and tsu (small 
"t") = internal register setup time requirement. 


Each of the three clocking modes: Synchronous, De- 
layed Synchronous and Asynchronous, have different 
Fcnt values. This is dictated by their differences in Tsu 
and Tco timing. 


Fcnt I and Fcnt2 also describe the performance of state 
machines that require 16 or less product terms to im- 
plement their next-state decode logic. The majority of 
state machine designs fall into this category. If a given 
state machine decode logic is so complex that it re- 
quires more than 16 product terms, a technique similar 
to that shown in Figure 3 can be used to serially distrib- 
ute the logic over two macrocells. In this case, the tim- 
ing for this modified Fcnt (called Fcnt') would be de- 
scribed by: 


It is often desirable in datapath, bridging and other ap- 
plications to clock data in and out of the iFX780 using 


different clocks or clocking options along the internal 
device dataflow. An example would be where a short 
data setup time was given on the input, while a fast 
clock-to-output was required on the output side. One of 
the asynchronous clocks on the iFX780 could be used 
on the input register (optimized for a short Tsu), while 
one of the synchronous clocks could be used for the 
output register (optimized for a short Teo), as shown 
in Figure 8. 


In determining the timing associated with this design, 
the feedback symmetry on the iFX780 makes the analy- 
sis trivial. The minimum clock window (maximum fre- 
quency) a register string requires to pass data through 
the logic array between them (16 product terms or less), 
is defined by: 


where the delay of the source register Tco is added to 
the 
destination 
register 
Tsu. 
For 
the 
example 
in 


Figure 8: 


For 
very complex 
functions 
requiring 
two 
passes 
through the logic array, the minimum clock window 
becomes: 


Up until now, no mention has been made of the depen- 
dence of timing on the distribution of CFBs into which 
macrocells get placed into. This is because there is 
none! Counters, statemachines, data paths and combina- 
torial circuits may be implemented in macrocells dis- 
tributed across the iFX780, and the timing is the same 
as if they resided in a single CFB. So timing is not only 
predictable, it is symmetrical as well. 


• 


OUT_REG 
------------Tsu. Teo 
(synchronous)---------- 
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This Application Brief describes the In-Circuit Recon- 
figuration and Programming features of the Intel 
FLEXlogic iFX780 and iFX740 FPGAs. 


The Intel FLEXlogic FPGA family offers all of the 
advantages of both SRAM and PROM based architec- 
tures. Because FLEXlogic FPGAs utilize an SRAM 
based architecture they provide the flexibilityof unlim- 
ited reconfiguration for fast prototyping of new designs. 
This feature also supports applications that require con- 
figurations to be dynamically changed after the system 
is powered up. 


Unlike 
traditional 
SRAM 
based 
FPGAs, 
Intel's 
FLEXlogic family also provides built-in nonvolatile 
cells so that an external PROM device is not required 
for initialization. The contents of the built-in nonvola- 
tile cells are automatically loaded into the SRAM ar- 
chitecture upon power-up and then disabled in order to 
reduce power consumption. The availability of both 
SRAM and nonvolatile cells in one device allows the 
designer to choose either the ease of use and security of 
nonvolatile operation or the flexibilityof SRAM recon- 
figuration. 


The Intel FLEXlogic FPGA family utilizes an industry 
standard JTAG/IEEE 
1149.1 interface to support in- 
circuit reconfiguration and programming. The JTAG/ 
IEEE 1149.1Boundary Scan Standard plays a key role 
in reducing the total cost of a product, shortening the 
time to market, and improving product quality. 


The most common application for boundary scan is for 
fast and efficient identification of assembly errors dur- 
ing the manufacturing stage of a product. Connections 
to all JTAG compliant devices can be checked for 
opens, shorts, and bridging faults without the use of 
expensivebed of nails testers. For example, a continuity 
test may be performed between two JTAG deviceson a 
circuit board by placing a known value on the output 
pins of one device while observing the input pins of the 
other device. 


In addition to the standard boundary scan operations, 
the Intel iFX780 and iFX740 also supports optional 
test capabilities that allow on-chip debug of a design 
while in-circuit. These capabilities can significantly re- 
duce the time required for prototyping new designsand 
may decrease the need for extensivedesign simulations. 


Another benefit of utilizing simplified boundary scan 
methods is that the time required to generate produc- 


tion test software is significantlyshortened. This advan- 
tage combined with a reduction in prototype debug 
time can dramatically improve the overall time to mar- 
ket for a new product. 


Instead 
of carrying 
inventory 
of preprogrammed 
FPGAs and incurring the risk that a device with the 
incorrect pattern will be inserted in a given location, 
blank FPGAs can be assembled in all locations on the 
board design. Then the board level tester can program 
the FPGAs according to their location and the board 
configuration required. 


The iFX780 and iFX740 boundary scan support con- 
sists of an Instruction Register, a Data Register, scan 
cells, and associated logic which are accessed through 
the Test Access Port (TAP). The TAP interface con- 
sists of three inputs (TDI, TCK and TMS) and one 
output (TOO). All TAP connections must be dedicated 
to the component. The functions of these pins are de- 
scribed in Table l. 


Table 
1. JTAG Pin Descriptions 
• 


Pin 
Description 


TOI 
The Testability 
Data Input is the 
boundary 
scan serial data input to the 
iFX780 and iFX740. JTAG instructions 
and data are shifted into the iFX780 and 
iFX740 on the TOI input pin on the rising 
edge of TCK. 


TOO 
The Testability 
Data Output is the 
boundary 
scan serial data output from 
the iFX780 and iFX740. JTAG 
instructions 
and data are shifted out of 
the iFX780 and iFX740 on the TOO 
output on the falling edge of TCK. 


TCK 
The Testability 
Clock Input provides 
the 
boundary 
scan clock for the iFX780 and 
iFX740. TCK is used to clock state 
information 
and data into and out of the 
iFX780 and iFX740 during boundary 
scan or programming 
modes. The 
maximum 
operating 
frequency 
of the 
boundary 
scan test clock is 8 MHz. 


TMS 
The Testability 
Control 
Input is the 
boundary 
scan test mode select for the 
iFX780 and iFX740. 


The boundary scan cells of the iFX780 and iFX740 are 
linked to form a shift register chain for all active pins. 
This chain provides a path which can be used to shift in 
test stimulus as well as shift out test response data for 
inspection. 


Standard boundary scan functions such as EXTEST, 
SAMPLE/PRELOAD, 
BYPASS, and mCODE 
are 
supported. With these functions users can capture in- 
ternal logic values, drive device pins to a preset value, 
and identify a device electronically within a chain. In 
addition to the standard boundary scan instructions, 
custom functions are also provided that support de- 
tailed device testing and debug. The public JTAG in- 
structions supported by the iFX780 and iFX740 are 
listed in Table 2. 


Instruction 
Description 


EXTEST 
Drive the output pins with pre- 
loaded data 


SAMPLE/ 
Read current pin state/Pre-load 
PRELOAD 
next in state 


IDCODE 
Read Manufacturers 
10 code 


LDVECT 
Load Vector 
into Program shift 
register 


FREAD 
Read the nonvolatile 
cells 


SWRITE 
SRAMWrite 


SREAD 
SRAM Read 


FPGM 
Write (program) 
the nonvolatile 
cells 


HI-Z 
3-State all outputs 


UESCODE 
Shift out UES bits 


ISCAN 
Internal Scan of Macrocell 
registers 


BYPASS 
Allows data to pass through to 
the next device in the chain 


In order to facilitate the development of boundary scan 
test programs, the BSDL (Boundary Scan Description 
Language) files for the iFX780 and iFX740 are sup- 
plied by Intel. These BSDL files provide details on the 
testability features of the iFX780 and iFX740 FPGAs: 
1780_132.BSD for the iFX780, 132 pin package 
1780_84.BSD 
for the iFX780, 84 pin package 
1780_68.BSD 
for the iFX740, 68 pin package 
1780_ 44.BSD 
for the iFX740, 44 pin package 


The BSDL files can be obtained either through the In- 
tel Bulletin Board or by calling the Intel Hotline. 


The most convenient method of supporting in-circuit 
reconfiguration or programming with the iFX780 and 
iFX740 is to use the FLEXlogic Prototyping Cable Kit 
which provides a connection between a PC parallel port 
and the target application board. The cable allows the 
PC parallel port to act as a TAP controller for all of the 
devices in the JTAG chain. 


The cable supplied in the Intel FLEXlogic Prototyping 
Cable Kit consists of a male DB-25 connector, circuit 
board and a flat ribbon cable ending in a female 20-pin 
connector. The circuit board is housed in the DB-25 
connector sheel and contains an integrated line driver. 
The cable supports 
the four TAP 
interface signals 
(TDI, TDO, TCK and TMS) plus some additional sig- 
nals useful for debug (STEP, RUN, and RESET). 


FLEX logic 
Prototyping 
Cable 
Installation 


The Prototyping Cable connects between a PC parallel 
port and a male 20-pin connector mounted on the tar- 
get application board. For a single iFX780 or iFX740, 
the PC cable TAP interface signals connect directly to 
the appropriate 
pins on the FPGA. 
For 
multiple 
FLEXlogic FPGAs, the JTAG TDI and TDO signals 
are connected in a "daisy chain." 
In this case, the 
TDO_PORT 
from the cable connects to the "last" 
logical device (first physical device) in the chain. In 
turn this device's TDO pin connects to the next logic 
deVice'sTDI pin, and so forth. The chain is completed 
by connecting to TDO pin of the "first" logical device 
(DEV 0) to the TDI_PORT 
on the cable connector 
(see Figure I). The TMS and TCK cable signals con- 
nect directly to the corresponding TMS and TCK pins 
on each device in the JTAG chain. 


In addition to the TAP interface signals and power con- 
nections, the VCCOOpin must be connected to a + 5V or 
+ 3.3V source to power the JTAG TDO driver circuit- 
ry within the FPGA. 


intel~ 


Vee 
TMS 
OND 


TCK 
TDI_PORT 


TOO_PORT 
Vpp_SENSE 
Vpp_ON 


FLEX logic 
~~~~* 


RESET* 
16 


GND 
11.13.15.17 


Vpp_OK# 
18 


Vpp 
19.20 


NOTES: 
1. VPP _SENSE, 
STEP# 
and RUN# 
are reserved 
for future 
use. 
2. Pins 19 & 20 are reserved 
for VPP when 
used with the FLEXlogic 
Evaluation 
Board 


FLEX logic 
Prototype 
Cable Signals 


The functions of the FLEXlogic Prototype Cable signals are described in Table 3. 


Table 3. FLEXlogic 
Prototype 
Cable Signals 


Signal 
Pin 
Description 


Vcc 
1 
+ 5V ± 250 mV must be supplied 
by the target application 
circuit. This 
supplies power to the cable line driver located 
in the shell of the OB-25 
connector. 


TMS 
2 
JT AG Testability 
Control signal provided 
by the JT AG software; 
connect 
to 


the TMS pin of each device on the JT AG chain. 


GNO 
3,5,7, 
11, 
Connect 
ALL GNO lines to ground to reduce noise. 
13,15,17 


TCK 
4 
JTAG Testability 
Clock signal provided 
by JTAG software; 
connect 
to the 
TCK pin of each device in the JT AG chain. 


TDI_PORT 
6 
JTAG Testability 
Data Input; connect 
to TOO pin of "first" 
logical device in 
JTAG chain. 


TOO_PORT 
8 
JT AG Testability 
Data Output, connect 
to TOI pin of "last" 
logical device in 


JTAG chain. 


VPP_SENSE 
9 
(Optional) 
Reserved 
for future use. 


VPP_ON 
10 
(Optional) 
Active high signal, provided 
by JT AG software, 
to activate 
on- 
board Vpp power source. 


STEP# 
12 
(Optional) 
Active low debug signal reserved 
for future use. 


RUN# 
14 
(Optional) 
Active low debug signal reserved 
for future use. 


RESET# 
16 
(Optional) 
Active low signal provided 
by the JE02JT AG software. 
This 
signal is driven low during device reconfigur~tion. 
The PENGN program 
does not activate 
this signal. 


VPP_OK# 
18 
An active low signal checked 
by JT AG software 
prior to device 


programming. 
Tie this signal low if an external 
Vpp source is used. 


VPP 
19,20 
A + 12.75V ± 250 mV programming 
voltage 
supplied 
by FLEXlogic 
Evaluation 
Board or external 
supply. The FLEXlogic 
prototyping 
cable, 


attached 
to the PC, DOES NOT supply the programming 
voltage. 


Permanent 
device damage may occur if Vpp exceeds 
13.5V. 


• 


4.0 
PROGRAMMING 
VOLTAGE 
AND 
POWER 
DECOUPLING 


To program the iFX780 or iFX740 there is an addition- 
al requirement of a 100 mA, + 12.75V ± 250 mV regu- 
lated Vpp power supply.(l) The Vpp supply may be 
connected permanently to the Vpp pin, but must not be 
active until Vcc exceeds 4.75V and must be removed 
prior to powering down Vcc. 


NOTE: 
I. Consult an Intel factory representative 
regarding 
+ 12.0V programing of the FLEXlogic FPGA. 


When not in programming mode, the Vpp pin may be 
connected to Vcc, Vpp of left floating. Connecting Vpp 
to GND during normal operation sources unnecessary 
current from the device and is not recommended. 


Good decoupling practices should be followed for all 
designs using Intel PLDs and FPGAs. This will help 
reduce susceptibility to noise and voltage overshoot. 
Vpp must be decoupled with a 0.1 JLF ceramic capaci- 
tor at the Vpp pin of each FPGA device. In addition, it 
is recommended to decouple Vpp at the board entry 
point with both a 0.1 JLF capacitor and a larger (1 JLF 


.:::r:: 0.1 
J.lF 
0.1 
J.lF .:::r:: 
- 
/- 
- 
- 


At deviee 
pin 


-10 JLF) tantalum capacitor (see Figure 2). Keep the 
capacitor leads as short as possible to reduce impedance 
and radiation loop area. 


The Vpp power also should be distributed on the circuit 
board power plane. Using a trace on a signal layer of 
the board is not a recommended means of power distri- 
bution. If power must be distributed on a signal trace; 
keep the run short and provide an adequate cross sec- 
tional area (50 square mil. minimum). RF beads are 
also helpful in reducing EMI on longer power trace 
runs. 


Vpp can be provided by an external power source or an 
on-board voltage regulator. To minimize system power 
consumption, you might opt to include control circuit- 
ry to automatically enable or disable the on-board Vpp 
supply. Figure 3 shows an example Vpp generation cir- 
cuit using a linear step down voltage regulator with 
ON/OFF 
control capability. 


Figure 4 shows an example Vpp generation circuit us- 
ing a linear step up voltage regulator with ON/OFF 
control capability. When using a step up regulator, you 
must accurately set the biasing resistor R1 to maintain 
the output voltage within the specified range. 


Vpp 
vcc 


vccoo 


iFX780 


NOTE: 
When 
the VPP _ON 
signal 
is activated. 
the Maxim 
667 switching 
regulator 
produces 
+ 12.75V. This circuit 
is used 
on 
the FLEXlogic 
Evaluation 
Board and is just one example 
of a Vpp supply. 


+5V 
:t5% 
Input 


+ 33 }'F 
.I.16V 


V+ 


Vpp_ON 
SHDN 
LX 


IlAX752 


" 


GND 


R1 = 5K 
Potentiometer 
R2 = 91K 
1% 


R3 ~ 10K 
1% 


+ 33 }'F 
.I.16V 


NOTE: 
When 
the VPP _ON 
signal 
is activated. 
the Maxim 
752 switching 
regulator 
produces 
+ 12.75V. 
This is just one example 
of a Vpp supply. 


• 


The 
Intel 
FLEXlogic 
Evaluation 
Kit 
supports 
in- 
circuit 
reconfiguration 
and 
programming 
for 
the 
iFX780. 
The 
Kit 
includes 
the 
Prototyping 
Cable, 
JTAG software, and a Demo Board. The Board con- 
tains sockets for both the 84-pin PLCC and 132-pin 
PQFP packages used by the iFX780. Since sockets are 
supplied on the board, the Evaluation Kit can be used 
as an iFX780 device programmer. 


In addition, 
the Evaluation 
Kit board supports 
in- 
circuit reconfiguration and programming through an 
auxiliary 20-pin male JTAG TAP connector. All neces- 
sary JTAG signals and programming voltages are sup- 
plied through the auxiliary connector. A cable connect- 
ed from the auxiliary connector can supply these sig- 


nals to the target application circuit board (see Figure 
5). Be sure proper power decoupling is provided on the 
target board as discussed above. 


Another programming option would be to use a third 
party programmer to provide in-circuit reconfiguration 
and programming support. These programmers 
may 
share the same board connector interface as described 
above. The cable assembly would plug into a socket or 
adapter on the programmer instead of the PC parallel 
port. 


Several vendors supply programmers that are designed 
for this purpose. Refer to the Programming Tools Sup- 
port section of the Intel Programming Logic Handbook 
(order number 296083) for a list of supported vendors. 


Jumper 
Pins 
1.. 
lC_D 
I 
1.. 
lC_D 
_ 


'-.,... 
•• 
El-E2 


•• 
E3-E4 


iFX780 
PlCC 
Socket 


iFX780 
PFOP 
Socket 


TOI 
TOO 
Dev 
1 
iFX740 


TOI 
TOO 


Dev a 
iFX780 


NOTE: 
When using this configuration,make sure no FPGAdevices are installedin the FLEXlogicEvaluationBoard sockets and 
remove any jumpers on Board pins E1-E2 and E3-E4. 


6.0 
JTAG SOFTWARE TOOLS 
SUPPORT 


Intel's PLDshell Plus software includes support for in- 
circuit reconfiguration and programming of the iFX780 
and iFX740 FPGAs. This software is an easy-to-use 
tool that supports design entry, fitting and functional 
simulation of Intel PLD and FLEXlogic FPGA appli- 
cations. Once an FPGA design is completed it may be 
downloaded to the iFX780 or iFX740 through either a 
reconfiguration or programming operation. 


The JTAG software, PENGN, 
included in PLDshell 
Plus, supports either downloading to or reading from 
the SRAM cells as well as programming or verifying 
the nonvolatile cells of a single FPGA within a JTAG 
chain. 


Also available from Intel is a dynamic in-circuit recon- 
figuration tool, JED2JTAG. Automatic support is pro- 
vided for multiple iFX780s and iFX740s and allows the 
user to combine the Intel FPGAs with other JTAG 
devices in a chain. 


This section overviews a typical reconfiguration opera- 
tion using PLDshell and the FLEXlogic Prototyping 
Cable. Additional details of the reconfiguration proces- 
sor are available in the PLDshell Plus documentation, 
FLEXlogic Prototype Cable Interfllce User's Manual 


and Application Note AP-390 titled "JTAG 
1149.1 
Specifications for In-Circuit Reconfiguration and Pro- 
gramming the iFX780 FPGA". 


The 
program 
PENGN 
is used to reconfigure 
the 
iFX780 and iFX740 using the Prototyping Cable. The 
PENGN 
executable file (PENGN.EXE) 
is found on 
the JTAG software diskette included with the FLEX· 
logic Prototyping Cable Kit or is available on the In- 
tel's application BBS. 


The reconfiguration operation using PENGN includes 
the following steps: 
a) Enter the design using either PLDshell Plus or a 
third party tool and generate a JEDEC file. 
b) Connect the download cable between the PC parallel 
port and the connector on the target application 
board. 
c) Check that the Vcc power supply for the target 
board is on. 
d) At a DOS prompt or PLDshell Run Menu invoke 
the JTAG 
software reconfiguration 
command 
to 
down load the bitmap to the FLEXIogic FPGA. Be- 
low is the command to configure the SRAM of a 132 
pin iFX780 with the JEDEC file (filename.JED). 


A full description of the PENGN options are available 
in the FLEXlogic Prototype Cable User's Manual. 


The JED2JT AG software also supports in-circuit re- 
configuration of a single or multiple iFX780 or iFX740 
device in a JTAG chain. 


includes the following steps: 
a) Enter the design using either PLDshell Plus or a 
third party tool and generate a JEDEC file. 
b) Create a .SDL file describing the circuit chain. 


IFILE: 
{ 
I 
STRING 
Port_Num Port_Type 
1 
PARALLEL_PORT 


I 
DEVICE 
DEVICE 
I 


Loc 
Ref Device 
o 
U3 
FX780_132 
1 
U4 
FX740_68 


JEDEC File 
780JEDEC.JED 
740JEDEC.JED 


• 


c) Connect the download cable between the PC parallel 
port and the connector on the target application 
board. 


d) Check that the Vcc power supply for the target 
board is on. 


e) At a DOS prompt or PLDshell Run Menu invoke 
the JED2JT AG software to down load the bitmap to 
the FLEXlogic FPGA. The following command uses 
the .SDL file, exampIe.SDL, and reconfigures both 
FPGAs in the chain. 


Ie, > "d2' tag '=0.10 


The differences between a reconfiguration 
operation 
and a programming operation are: 


• The PENGN program command is used instead of 
the reconfigure command. 
• A Vpp supply (+ 12.75V ± 250 mY) must be pro- 


vided to the target device and should be switched on 
after the Vcc supply is stable. The Vpp supply 
should also be removed before the Vcc supply is 


intel~ 


powered down. The Prototyping Cable includes the 
Vpp control signal (VPP_ON) 
to automatically en- 


able and disable Vpp for the target application. 


• If using the Intel FLEXlogic Evaluation Board, Vpp 
is supplied through pins 19 and 20 of the auxiliary 
connector. 
• For the iFX780 and iFX740 programming may only 
be performed one time. 


The programming operation using the PENGN 
pro- 
gram includes the following steps: 


a) Enter the design using either PLDshell Plus or a 
third party tool and generate a JEDEC file. 


b) Connect the download cable between the PC parallel 
port and the connector on the target board. 


c) Check that the Vcc power supply for the target 
board is on. 
d) Turn on the Vpp power supply. DO NOT "hot plug" 


Vpp or permanent ESD damage may occur to the 
FPGA. If using a cable from the FLEXlogic Evalua- 
tion Board, Vpp is automatically controlled. 
e) At a DOS prompt or PLDshell Run Menu invoke 
the JTAG software program command to down load 
the bitmap to the nonvolatile cells in the FLEXlogic 
FPGA. 
Below is the command 
to configure the 
EPROM of a 132 pin iFX780 with the JEDEC file 
(fiIename.JED). 


For Intel Literature call (800) 548-4725. Outside of the 
USA/Canada, 
please contact your local Intel sales. of- 


fice. 


Application notes are also available through. the Intel 
FAXback system by calling (800) 628-2283. Outside 
the USA, please call (916)356-3105 or 44 (0) 793-496 
646 (Europe). 


"JTAG 1149.1 Specifications 
for In- 
Circuit Reconfiguration 
and 
Programming 
the iFX780 FPGA," 
Application 
Note 390, Order Number 
292122-001. 


This App-Note contains detailed JTAG timing, and 
shows how to build JTAG instruction streams from the 
FLEXlogic bitmaps. 


"Designing 
FLEXlogic 
Loader 
Circuits," Application 
Brief 398, Order 
Number 292120-001 


This App-Brief contains detailed information on the 
use of JED2JTAG, 
and shows how to build a JTAG 


loader circuit. 


PLDshell Plus Software, Free of 
Charge 


The 
JTAG 
software 
version 
1.1 
includes 
the 


JED2JTAG and PENGN programs 


-Consult 
your local Intel sales office or authorized 
distributor 


Includes the FLEXlogic Prototyping 
Cable Kit and 


Evaluation Board 


-Consult 
your local Intel sales office or authorized 


distributor 


Intel's Application 
BBS 


(916)356-3600 (USA) or 44 (0) 793-496 340 (Europe) 
Settings: 8 bits, No parity, I Stop bit, upto 14,400 baud. 


The FLEXlogic 
Prototype 
Cable Kit software and 


BSDL files can be downloaded from the BBS. Follow 
all directions to download from the PLD/FPGA 
file 
area. 
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This Application Brief details how to use some of the 
Intel FLEXlogic iFX780 and iFX740 features, and the 
PDS language notations necessary to use them. 


The information here supplements that in the PLDshell 
Plus R3.X User's Guide. 


An FPGA logic macrocell has available to it a variety 
of controls and configurations. Each macrocell can 
choose: 
1) Any of 4 clock signals. These are the two synchro- 
nous clock pins, and the CFB .ACLK pterms. 
2) Each macrocell can invert the clock signal it uses,so 
that it can take the falling edge of a clock pulse, 
rather than the rising. Either of the two synchro- 
nous clock pins can be delayed, but on a CFB basis 
only. (See the Delay Clock section below.) 
3) Any of 4 Output Enable Conditions. These are Vcc, 
GND, or the two CFB OE pterms. 
4) Either of the C/Pl or C/P2 pterms can be used by 
the macrocell as a Clear or Preset. 


5) Inversion of OE, and C/P is available on the CFB 
product terms only. Only the Clock signals are in- 
verted in the macrocell. 


To use the product terms, the PLDshell Plus fitter does 
a pattern match of pterm that use these control signals. 
Different macrocells, if they have the same OE, Clear, 
Clock, etc., pterms will share the same pterms in the 
CFB. The OE and C/P signals must have the same 
polarity for the PLDshell Plus fitter to match them. 
The report file shows the final equations placed into 
each CFB product term. 


Sync elK 1 


Sync ClK2 


ACLKl 


ACLK2 


OEl 


OE2 


C/Pl 


C/P2 


Either of the two synchronous clock pins can be de- 
layed, but on a CFB basis only. What the delay clock 
creates is a change in the TSU and TH A.C. Timings. 
The iFX780 and iFX740 Datasheet shows each of the 
changes. 


To specify a delay clock, use the DELAYCLK attri- 
bute on the Output pins that require it. The Sync. 
Clock signal that feeds the CFB will then be Delayed 
for all the signals in that CFB. The fitter will not allow 
mixed delay/non-delay modes of a clock signal in the 
CFB. 


DELA YCLK Example 


PIN CLK 
PIN OUTX REG DELAYCLK 
PIN OUTY REG 


OUTX.CLKF = CLK 
OUTY.CLKF = CLK 
delayed 
non-delayed 


Using the 3VOLT and 5VOLT keywords, the outputs 
of a design can be partitioned 
automatically by 
PLDshell Plus. This can be useful for mixed 3.3V and 
5V systems. 


Individual pins are denoted with a specificvoltage. The 
PLDshell Plus fitter will then group similar voltage 
output signals together with the same Vee supply pins. 


Voltage 
Examples 


PIN CLK 3VOLT 
PIN LDLHA 
3VOLT 
; CPU status 
PIN OUTX REG 3VOLT 
PIN OUTY REG 5VOLT 
PIN OUTZ REG 
; default 
of 5VOLT 


To specify a system with only 3.3V I/Os use the OP- 
TIONS selection. 


OPTIONS 
DEFAULT_Vee = 3VOLT 


All I/Os for this design will now be considered as 
3VOLT. 


The iFX780 and iFX740 have special signal pullups on 
inputs and I/Os to help with CMOS signals. These are 
controlled by the CMOS_LEVEL and TTL_LEVEL 
keywords. The Pullups should only be set as shown 


5VOL T CMOS Signals 


PIN INl 5VOLT 
CMOS_LEVEL 


3.3VOL T CMOS Signals 


PIN IN2 3VOLT 
PIN IN3 3VOLT TTL_LEVEL 
PIN IN4 3VOLT 
; Ice draw 


Pin INI must have the pullup set. 5V CMOS signals 
will be pulled up internally. 


Pins IN2 and IN3 are equivalent, and the iFX780 and 
iFX740 will not set the pullup for these. 


No pins should be set as IN4 is shown, otherwise the 
Ice standby power draw will be increased. 


Buried signals can be specified by either using the 
NODE keyword in the pin declarations, or by setting 
the OE (.TRST) signal of an output to GND. 


NODE BUF_X 
PIN BUR_Y 
NODE XBURIED 
RAM 


EQUATIONS 
Y.TRST = GND 


BUR--X and BUR-- Y above are both buried signals, 
and will not use an I/O pin resource. 


For SRAM signals, use the NODE keyword, and do 
not specify the SRAM.TRST equation. 


OPTIONS 
INPUT_LEVEL = TTL_LEVEL 
DEFAULT_Vee = 5VOLT 
SECURITY = OFF 


All inputs and I/Os are assumed to be 5V TTL level, 
unless the defaults are changed accordingly. 


On some DOS machines, there may be a conflict with 
the extended memory manager used by PLDshell Plus. 
Run the "MEMCHK" utility included with PLDshell 
Plus to verify that at least 2 Mb of extended memory is 
available. 


See the READ.ME file included in the release for fur- 
ther details. 


If there are hardware configuration problems that you 
are unable to resolve, run the "CFGINF.BA T" file in 
the PLDshell area. This will create a file called 
"CONFIG.INF" which may then be faxed to the Hot- 
line for further work. Do not forget to fill in your name 
and other machine information. 
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This Application Brief shows how to use the Macro- 
cells Registers in CFBs configured as SRAMs on the 
Intel FLEXlogic iFX780 and iFX740 FPGA. The in- 
formation contained here is in addition to that in the 
PLDshell Plus 3.x User's Guide. 


2.0 
REGISTERED SRAM 
MACROCELL 


All configurations shown, are also applicable to stan- 
dard logic macrocells on the iFX780 and iFX740. 


PIN XR[x:y] 
RAM 
PIN XR[x:y] 
RAM COMB PINFBK 
COMB and PINFBK 
are the defaults 
; if not specified 


SRAM Type I configurations are the default when the 
RAM 
keyword is used. This is currently 
the only 
SRAM type supported by Simulation in PLDshell Plus 
3.x. 


All SRAM control signals work as specified in the 
iFX780 and iFX740 datasheet. 


SRAM Type 2 uses the internal feedback path instead 
of the pin I/O path. The SRAM BE signal still controls 
when the .FB is active. 


intel~ 


SRAM Type 3 sets the macrocell to a D flip-flop. The 
REGFBK(l) keyword is optional. 


NOTE: 
I. TREGFBK 
can be used anywhere REGFBK 
is 
used to set a T-FF instead. 


SRAMType5 


disabled 


SRAM Type 
6 


(disabled 


SRAM Types 5 and 6 are buried nodes. They do not 
use the 110 pin to which they may be attached. That 
pin is still available as an input, using the dual·feedback 
paths of the iFX780 and iFX740. 


SRAM Types 7 and 8 use some very unique features of 
the iFX780 and iFX740 architecture. Normal macro- 
cells may also be configured in the same fashion. 


I) Types 2-8 
cannot be simulated in PLDshell Plus 
3.x. 


2) Only the CLK I Sync. clock is available for SRAM 
registers. To invert, specify the CLKI signal as ac- 
tive low in the pin list. Do not forget to re-invert the 
clock for those signals that need the normal rising- 
edge clock. 
3) No clears or presets are available for SRAM regis- 
ters. 
4) Device timings for types 2-8 have not been charac- 
terized. The following timings are preliminary. 


IFX780·10 


Symbol 
Parameter(1) 
Synchronous 
Delayed 
Units 
Sync. 


Mln 
Max 
Mln 
Max 


tsu 
Input or I/O Setup Time to ClK 
11.5 
10 
ns 


tH 
Input or I/O Hold Time to ClK 
0 
2 
ns 


te01 
ClK 
to Output Valid 
6 
8 
ns 


teL 
ClKlowTime 
4 
4 
ns 


teH 
ClK 
High Time 
4 
4 
ns 


tep 
ClK 
Period 
15 
15 
ns 


'NOTE: 
1. Device 
Characterization 
of Registered 
SRAM TsuiT CO has not been completed. 
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iFX740-10 


\ 


Symbol 
Parameter(1) 
Synchronous 
Delayed 
Units 
Sync. 


Min 
Max 
Min 
Max 


tsu 
Input or I/O Setup Time to ClK 
6.5 
5 
ns 


tH 
Input or I/O Hold Time to ClK 
0 
2 
ns 


tC01 
ClK 
to Output Valid 
6 
8 
ns 


tCL 
ClK 
low 
Time 
4.5 
4.5 
ns 


tCH 
ClK 
High Time 
4.5 
4.5 
ns 


tcp 
ClK 
Period 
10 
10.5 
ns 


NOTE: 
1. Device 
Characterization 
of Registered 
SRAM 
TsuiT CO has not been completed. 
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Symbol 
Parameter(1) 
Synchronous 
Delayed 
Units 
Sync. 


Min 
Max 
Min 
Max 


tsu 
Input or I/O Setup Time to ClK 
16 
13 
ns 


tH 
Input or I/O Hold Time to ClK 
0 
2 
ns 


tCOt 
ClK 
to Output Valid 
9 
12 
ns 


teL 
ClK 
low 
Time 
7 
7 
ns 


tCH 
ClK 
High Time 
7 
7 
ns 


tcp 
ClK 
Period 
20 
20 
ns 


NOTE: 
1. Device 
Characterization 
of Registered 
SRAM 
TsuiT CO has not been completed. 


iFX740-15 


Symbol 
Parameter(1) 
Synchronous 
Delayed 
Units 
Sync. 


Min 
Max 
Min 
Max 


tsu 
Input or I/O Setup Time to ClK 
11 
8 
ns 


tH 
Input or I/O Hold Time to ClK 
0 
2 
ns 


tC01 
ClK 
to Output Valid 
9 
12 
ns 


tCL 
ClK 
low 
Time 
7 
7 
ns 


teH 
ClK 
High Time 
7 
7 
ns 


tcp 
ClK 
Period 
15 
15 
ns 


NOTE: 
t. Device 
Characterization 
of Registered 
SRAM 
TsuiT co 
has not been completed. 
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This Application Note provides a detailed description 
of the Intel iFX780 FPGA JTAG Specifications and 
Electrical Characteristics. 
If you are not using the 
FLEXlogic Prototyping Cable Kit, then this document 
will show you how to load configurations 
into the 
iFX780. 


This document has the following sections. 
Bitmap File Generation 
In-Circuit Reconfiguration and Programming 
Information 
Detailed JTAG 1149.1 Information 


First, a Bitmap file must be generated from a JEDEC 
file for the iFX780. The JEDEC file can come from any 
design software. 


o 


The "pengn" Bitmap file can come in one of two fla- 
vors, either as an SRAM or an EPROM file. 


The difference between the two Bitmaps is that an 
SRAM Bitmap is used to reconfigure the device after it 
has been powered up. 


The EPROM 
Bitmap is used to program the non- 
volatile EPROM 
bits on the device. These are OTP 
(one-time programmable), and provide a default config- 
uration on power-up. 


Commands to generate Bitmaps: (assuming 
that buscon 


is the JEDEC file) 


SRAM Bitmap 


pengn 
-part 
fx780_84 
-bs 
buscon.bit 
buscon 


EPROM Bitmap 


pengn 
-part 
fX780_84 
-be 
buscon.bit 
buscon 


NOTE: 
Use fx780_132 for the 132-pin device. 


The "pengn" program is included with the PLDshell 
R3.0 software. This will translate the JEDEC file to the 
Bitmap. "pengn" is documented in the PLDshell User 
Manual, Appendix E. 


Translating the Bitmaps to actual test vectors is cov- 
ered in "Download Algorithms" (Section 6.0). 


To do in-circuit reconfiguration 
of the FPGA, 
the 


SRAM Bitmap (generated from the JEDEC file) can be 
shifted into the device static RAM configuration regis- 
ters, as shown below. The first bit in each record is 
shifted in first. 


The order of the bits shifted out will match exactly the 
order of those shifted in, i.e. first-in, first-out. 


As long as the device is in SWRITE mode, user outputs 
are in a Hi-Z state. In order to enable the outputs, the 
instruction register must be modified with a new in- 
struction 
(i.e. IDCODE, 
BYPASS, etc.) The easiest 


method is to go to TEST-LOGIC RESET which will 
reset the Instruction Registers to IDCODE. 


The EPROM Bitmap described earlier can be shifted 
into the device static RAM configuration registers, as 
shown below. The first bit in each record is shifted in 
first. 


EPROM Programming requires careful control of the 
power pins. In particular, the Vpp programming volt- 
age for the EPROM cells should be raised to its high 
voltage state after the device has powered up. See 
"Quick-Pulse Programming Algorithm" 
(Section 9.1) 


for further details. 
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Inputs on the device do not have to be static during in- 
circuit reconfiguration 
and programming 
operations 
(SWRITE and FPGM modes). 


Example: 


8 MHz· -32K + 200 JLs ·1080 
= 4 JLs + 216 ms 


The security bits are programmed normally along with 
the rest of the device EPROM 
bits. Only 
when 
the 
iFX780 is next powered down, then powered 
back up will 
the security feature 
be enabled. 
Until that time, the de- 
vice may be accessed as normal. 


Note that even though the security bits prevents the 
device EPROM from being read, it may still be recon- 
figured once the device has been powered up. The 
EPROM fuses will not be affected, but a new configu- 
ration can be loaded into the device. This new SRAM 
configuration cannot be read out, and will be lost when 
power is removed. 


Thus once the security 
bit is set, the device configuration 
is writable, 
but never readable. 


This is only true for SRA;M reconfiguration. Once the 
security bits are set, the EPROM bits cannot be over- 
programmed with a new pattern. 


D 


TOO 
----il~ 
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The basic algorithm necessary to configure or program 
the device is shown in pseudo-code below. 


Device 
Power 
on 
Send 
Header 
State 
Vectors 
WHILE (not 
end 
of 
vectors) 


BEGIN 
Send 
SRAM/EPROMBitmap 
file 
vector 
information 
Send 
Middle 
State 
Vectors 


END 
Send 
Footer 
State 
Vectors 


The Header, Middle and Footer information are pre- 
defined operations that control the device JTAG state 
controller operations. These whill shift in instructions 
to get the JTAG TAP Controller to the proper state. 
See the next page for the TAP state machine. 


There is an example "C" program, "fx ims.c", distrib- 
uted with the PLDshell R3.0 software. This program 
will read either the SRAM or EPROM bitmaps, and 
translate the output into IMS(I) style test vectors with 
the necessary HeaderlMiddle/Footer 
information. This 
includes 
deciding 
whether 
to 
use the 
FPGM 
or 
SWRITE instruction. 


NOTE: 
1. IMS is a trademark of Integrated Measurement Sys- 
tems. 


The rest of this document contains further details on 
using the iFX780 SRAM and EPROM reconfiguration 
via the HAG 
port. Some knowledge of HAG 
is re- 
quired in order to understand the Instructions and Op- 
codes. 


To facilitate the development of boundary scan test 
programs, use the BSDL (Boundary Scan Description 
Language) files for the iFX780. The files are, 


I780_l32.BSD-for 
the 
132-pin package. 
I780_84.BSD-for 
the 84-pin package 


These files can be found in the PLDshell installation 
directory. You can also use the Intel PLD Bulletin 
Board by dialing: (916) 356-5702 or Applications Sup- 
port Hotline 1-800-628-8686. 


Further 
information on HAG 
can be found in the 
"IEEE Standard Access Port and Boundary-Scan Ar- 
chitecture", IEEE Standard 1149.1-1990. For the rest 
of this document, it is useful, but not necessary, to have 
some knowledge of JTAG and using the TAP (Test 
Access Port). 


The state machine for the TAPis 
controlled by the 
TMS pin. Entering the SHIFT-R state, a device instruc- 
tion is then loaded into the device and executed. See 
"HAG 
Public Instructions and OPCODES" (Table 2) 
for the iFX780 JTAG instructions. 


Table 
1. Pin Connections 
for 
IFX780 JT AG Operations 


Pin 
IFX780_132 
IFX780_84 


Name 
PQFP Pin 
PLCCPln 
Numbers 
Numbers 


Vcc(5V) 
21,87 
26,68 


VSS 
11, 17, 18, 27, 
17,23, 
29, 38, 
44, 53, 59, 77, 
46, 59, 65, 71, 
83, 84, 93, 110, 
80 
125 


Vpp 
119 
4 


TOI 
132 
11 


Too 
131 
10 


TCK 
66 
53 


TMS 
65 
52 


I/Oxxx, 
All other pins may be connected 
as 
INxx, 
required by the application. 
Refer to 


VCCOx, 
the device datasheet 
for further 


CLKx 
pinout information. 


EXTRA 
PIN NOTES: 
Vpp-Do not set to GND.Set to either VCC, Vpp or leave 
floating. Ensure that Vpp becomes active after Vcc 
has 
been established. 
Vccoo-Must 
be + 5V during programming.Other Vcco 
pins may be either 3V or 5V, as required by your applica- 
tion. 
For SRAM reconfiguration, no special voltages are reo 
quired. 
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NOTES: 
All state transitions 
occur 
on the rising edge of TCK, and are dependent 
on the state of TMS. 


To reset the TAP Controller 
to the 
TEST-LOGIe-RESET 
state, set TMS = 1 and clock 
TCK for at least 5 cycles. 


Opcode 
Instruction 
Brief Description 


00000 
EXTEST 
Drive Outputs 
with Pre-Loaded 
Data 


00001 
SAMPLE/ 
Read Current Pin 
PRELOAD 
State/Pre-Load 
Next Pin State 


00010 
IDCODE 
Read 
Manufacturer's 
10 
Code 


00101 
LDVECT 
Load Vector into 
Program Shift 
Register 


00110 
FREAD 
EPROM Read 


01111 
SWRITE 
SRAM Write 


10000 
SREAD 
SRAM Read 


10100 
PORST 
Power-on 
Reset. 


Restarts 
Device 
Architecture. 


10101 
FPGM 
EPROM Program 


11101 
HI-Z 
3-state All The 
Outputs 


10110 
UESCODE 
Shift Out UES Bits 


11000 
RADLOAD 
Row Address 
Load 


11111 
BYPASS 
Bypass 


MSB ..LSB(1) 


NOTE: 
1. This is also the shift order of the Opcode 
bits into the 
device. lSB first, then MSB. 


The TDI/TDO 
pins are only active in the SHIFF-DR 
and SHIFF-IR 
states. 


By convention, DR stands for Data Register, IR stands 
for Instruction Register. 


Opcodes not specified are reserved by Intel as private 
instructions, and must not be used otherwise damage to 
the device may result. 


The details for each instruction are described in the 
next sections. 


This instruction is used to load rowlcolumn 
address 
and Programming data. The Data shift register chain in 
this mode contains forty-three (43) bits of data. The 


l\"UI1UlUll\ \"""LlUI1••.V). 
lne 
InSlrucuon regIsler 
IS 


updated in UPDATE-IR state of the TAP controller 
state machine. Data 
is shifted out or in from the 
SHIFf DR state. 


To load the data for the programming, load the instruc- 
tion register with LDVECT instruction. This occurs via 
entering 
the 
SHIFF-IR 
state, 
and 
shifting 
the 
OPCODE in, while TMS = O. The OPCODE LSB is 
loaded on the rising edge of TCK during the second 
SHIFf-IR 
state; the MSB is loaded on the rising edge 
of TCK during EXIT-IR (see timing diagrams in Fig- 
ure 4). Then enter the SHIFF-DR state and shift in the 
data packet. 


This instruction is used to read out the ID code register 
for the device, which is fixed by Intel and is described 
in Table 4. iFX780 Manufacturer Codes and User ID 
Bytes. During this mode, a dedicated 32-bit device 
.identification register (DIR) 
chain is connected be- 
tween TDI and TDO. During CAPTURE-DR state the 
IDCODE is loaded into the Instruction Register, and 
can be shifted out in the SHIFF-DR state 


This instruction 
is used to program EPROM 
cells. 


Row/column addresses and Program Data were shifted 
in using LDVECT instruction. The instruction will not 
be enabled unless Vpp pin is at high voltage. Vpp pin 
must be at high voltage at least 2 J-Lsbefore the FPGM 
instruction is updated. If the security bit is set the mode 
will not be enabled. 


Programming is initiated in the Run-Test/Idle 
state at 
the first falling edge of the TCK. The device must stay 
in this state at least 200 J-Ls.If the amount of time spent 
in Run-Test/Idle 
state is longer than 200 J-Ls,internal 
timer will terminate the programming pulse internally. 
If the time is shorter, TAP controller will terminate the 
programming pulse at the falling edge of TCK after 
exiting Run-Test/Idle 
state. 


Program data and the verify data are internally verified 
by XORing both. XOR data is latched into Program! 
Verify status register in the CAPTURE-DR state. This 
one bit of data can be shifted out in SHIFF-DR state 
through the TDO pin. Address or Program data infor- 
mation is not altered during this operation. Therefore, 
if a fail data is detected, the programmer could go back 
to Run Test/Idle state and provide another program- 
ming pulse as shown. 
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Only the Program/V erify status bit register is in the 
TDIITDO chain. TDI pin is not connected to the serial 
in path of this register. When the status bit is shifted 
out a FAIL data (0) is shifted into the status bit regis- 
ter. 


While shifting in the next data to be programmed, the 
verified data can be shifted out using the LDVECT 
command at the same time. 


WARNING: 
The device will not enter/execute FPOM unless the 
Vpp pin is at Vpp high voltage. The device will verify 
back that programming has occurred. In order to ab- 
solutely verify that the EPROMs have actually been 
programmed, an FREAD 
operation must be per- 
formed. 


In order to make the programming operation ITAO 
compliant with the BSDL files, a RADLOAD instruc- 
tion may be inserted before the FREAD instruction. 
RADLOAD only loads the 6 bits of the row address 
register. This register will be overwritten by the 
FREAD instruction later. The RADLOAD functions 
as a NOP (No OPeration) instruction in order to satisfy 
the EPROM element timings. 


This instruction is used to read out an entire row of 
EPROM data. Only the row address needs to be shifted 
in. After shifting in the row addresses, the device must 
stay in the Run Test/Idle state for at least 250 ns before 
capturing the read data in the CAPTURE-DR state. 
There is NO internal verify built in for this mode. 


intel~ 


A typical operation would be to load in FREAD in- 
struction and then enter the SHIFT-DR state, shift in 
the Row address and then enter the Run Test/Idle state 
and remain there for at least 250 ns. Then enter the 
CAPTURE-DR state where the data is captured into 
the shift registers. Captured data can be shifted out 
through TDO pin in SHIFT-DR state. 


This instruction is used to alter the contents of the 
SRAM bits of the device, not the EPROM bits. This 
can be used to reconfigure the device. Data to be writ- 
ten to the SRAM cells and the row address are shifted 
in the SHIFT-DR state. The SRAM write operation is 
actually performed in Run Test/Idle state of the TAP 
controller. 


SRAM write is initiated on the first falling edge of 
TCK in Run Test/Idle state and is terminated on the 
first falling edge of TCK after exiting Run Test/Idle 
state. It should be ensured that the user remains in Run 
Test/Idle state for at least for 100ns. 


There is no verifyor read in this mode. To read out the 
contents of the SRAM cells, the SREAD command 
may be used. 


A typical operation would be to load in SWRITE in- 
struction, move to SHIFT-DR state, shift in the data 
and then moveto the Run Test/Idle state to executethe 
write. 


Example 
of Loading 
a Vector 


1. Load Instruction 
in SHIFT-IR state. 
Instructions 
are 
shifted 
in LSB first. 
2. Set TMS= 1 when the lost 
bit of the 
JTAG instruction 
is being 
shifted 
in. 


LDVECT 
Instruction 


TOt: 
1 0 1 0 0 


TMS: 0 0 0 0 1 


~ 


3. Load Vector 
in SHIFT-DR state. 
4. Again, 
TMS= 1 when the los\ 
bit 
of the 
vector 
is being 
loaded. 
This 
puts 
the 
device 
into 
EXIT 1-DR. 
• 


As long as the device is in SWRITE mode, user outputs 
are in a Hi-Z state. In order to enable the outputs, the 
instruction register must be modified with a new in- 
struction (i.e. IDCODE, 
BYPASS, etc.). The easiest 
method is to go to TEST-LOGIC RESET, which will 
reset the Instruction Registers to IDCODE. 


This instruction is used to read the contents of the 
SRAM bits in the JEDEC map. Only the row address 
needs to be shifted in. This consists of 6 bits, rather 
than the full 606 shifted in for an SWRITE. The row 
addresses, as ordered in the SRAM Bitmap file, are 
from xxx ... 
yyy. 


After shifting in the row address, the user must stay in 
Run Test/Idle state for at least 100 ns. The Row ad- 
dress is shifted in during the SHIFT-DR state. Data is 
captured into the Row registers in CAPTURE-DR state 
and can be shifted out in SHIFT-DR state. 


A typical operation would be to load in SREAD in- 
struction, move to SHIFT-DR state and load in the row 
address, and move to Run Test/Idle state and remain 
there for 100 ns and then move to SHIFT-DR through 
CAPTURE-DR state and shift out the data. 


This instruction is used to read out the User Electronic 
Signature code. UESCODE 
can be imprinted 
using 
FPGM 
instruction. 
This 
instruction 
is similar 
to 
FREAD instruction. However, there is no need to shift 
in the row address to read the UES contents. 


After loading in the UESCODE instruction, the device 
must stay in Run Test/Idle state for at least 250 ns, 
before 
capturing 
the 
UESCODE 
data 
in 
the 
CAPTURE-DR state. The UESCODE is shifted out in 
SHIFT-DR state, and after the initial 250 ns delay, can 
be shifted out at normal JTAG clocking speed. 


This instruction loads the 6 bits of a row address. It is 
used in BSDL files to make device programming and 
in-circuit reconfiguration JTAG compliant. 


PORST can be used to reset to iFX780 to its initial 
power-on state. The device configuration 
is re-read 
from the EPROM bits. Go to the TEST-LOGIC RE- 
SET state after loading the instruction. 


8.10 
Timing and Manufacturing 
Specifications 


This section includes the JTAG timing diagram. JTAG 
A.C. Characteristics chart, Vpp pin timing diagram, 
iFX780 manufacturing codes and user ID bytes detail. 
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Symbol 
Parameter 
Mln 
Max 
Units 


TCKMIN 
TCK Minimum Clock Period 
50 
ns 


TCKH 
TCK High Time 
20 
ns 


TCKL 
TCKLowTime 
20 
ns 


TMSS 
TMS Setup Time 
25 
ns 


TMSH 
TMS Hold Time 
20 
ns 


TDIS 
TDI Setup Time 
25 
ns 


TDIH 
TDI Hold Time 
20 
ns 


TDOZX 
TDO Float to Valid Delay 
25 
ns 


TDOXZ 
TDO Valid to Float Delay 
25 
ns 


TDOV 
TDO Valid Delay 
25 
ns 


TINS 
Input/IO/CLK 
Pins Setup Time 
25 
ns 


TINH 
Input/IO/CLK 
Pins Hold Time 
20 
ns 


TIOV 
EXT EST Output Valid Delay 
50 
ns 


TPGM 
EPROM Programning 
Pulse 
200 
J.Ls 
(See Figure 9. "Programming 
Waveforms") 


TSWR 
SRAM Write Strobe Time 
100 
ns 


TSRD 
SRAM Read Strobe Time 
100 
ns 


TRRD 
EPROM Read Time 
250 
ns 


TVPPS 
Vpp Pin Setup Time (See "Vpp Pin Timing Diagram" 
Figure 6.) 
2 
J.Ls 


TVPPH 
Vpp Pin Hold Time 
2 
J.Ls 


TVppS 


FPGIo4 Instruction 
UPDATE-IR 
STATE I 
Nex! 
STATE 


(Some 
other 
Instruction) 


Device 
Hex Value 
Ver. 
Part Number 
Manufacturer's 
Identity 
0 


132-Pin00621013h o 0 0 0 o 0 000 
1 1 000 
1 o 000 
1 o 0 0 0 0 0 0 1 o 0 1 1 


84-Pin10621013h 000 
1 o 0 0 0 0 1 1 000 
1 o 0 0 0 1 o 000 
0 0 0 1 o 0 1 1• 


The Manufacturer's Code is stored in a separate regis- 
ter. When the JTAG 
instruction 
IDCODE 
is per- 
formed, the 32 bits of the Device Identification Register 
are shifted out; bit 0 is shifted out first. 


A user code can be stored in the User Electronic Signa- 
ture 
(UES) 
field 
of the 
JEDEC 
file. When 
the 
UESCODE instruction of the JTAG port is accessed, 
the 600 bits are shifted out. 


NOTE: 
There is an optional JTAG instruction called USER- 
CODE. This is not the same as UESCODE, and the 
two should not be confused. The iFX780 FPGA does 
not implement the JTAG USERCODE instruction. 


The next sections contain the electrical programming 
information for the Intel iFX780. Included are the elec- 
trical addresses to be programmed, and the program- 
ming process algorithm, the programming waveforms, 
and the physical address to programming packet map- 
ping. 


9.1 
Quick-Pulse 
Programming 
Algorithm 


The Quick-Pulse Programming Algorithm is used to 
program Intel's iFX780. The device is first verified as 
blank (all cells erased) by performing an FREAD 
(of 
all addresses) with Vcc = 5V. 


Following a successful Blank Check, Vpp is raised to 
l2.75V for the remainder of the Algorithm. The ad- 
dress and data vectors are then shifted into the device 
with the LDVECT instruction. It is not necessary to 
raise Vcc since the device performs an internal margin 
high routine during the 'program verify step. 


Entering the RUN 
TEST/IDLE 
state of the FPGM 
instruction starts the programming pulse. The device 
must stay in RUN TEST/IDLE 
for 200 p..s. Cycling 
through CAPTURE-DR 
and SHIFT-DR 
captures ~he 
verity data and compares it with the programmmg 
data. A TDO pin output = 1 indicates that program- 
ming passed while a TDO pin output 
= 0 indicates 


that programming failed. A fail on verify requires up to 
24 additional pulses before the algorithm terminates. 


This program/verify sequence is repeated u.ntil.the last 
address is programmed. When programmmg 
IS com- 
plete, a final verify of the EPROM 
may be accom- 


plished with the FREAD instruction. 


WARNING: 
The device will not enter/execute 
FPGM unless the 
Vpp pin is at Vpp high voltage. The device will verify 
back that programming has occurred. In order to ab- 
solutely verify that the EPROMs have actually been 
programmed, 
an FREAD 
operation 
must 
be per- 
formed. 


For Retries, 
allow at /eost 
1 microsecond 
from 
the 
first 
RUN TfST /IDLf 
to 
the next 
RUN TfST/IDLf. 


Stay 
in Run Test/Idle 
at least 


200 
microseconds 
after 
FPGM 


instruction 
before 
capturing 
the 
data 
be/ow . 


....- - - - insert 
optional 
RADLOAD for 


JfAG 
BSDL compliance. 


See 
10.8 
below. 


• 


inteJ~ 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unlts(1) 


Vpp(2) 
Programming 
Supply Voltage 
12.50 
12.75 
13.00 
V 


Vee 
Operating 
Supply Voltage 
4.75 
5.00 
5.25 
V 


Final Verify Read Voltage 
4.0 
4.25 
4.50 
V 


TA 
Ambient 
Programming 
Temperature 
0 
+25 
·C 


VIH 
Input High Level 
2.00 
3.50 
V 


VIL 
Input Low Level 
0.00 
0.80 
V 


IOLV 
Output Sink Current 
1.8 
mA 
(Verify Mode / VOL = 0.45V) 


IOHV 
Output Source Current 
-2.2 
mA 
(Verify Mode / VOH = 2.4V) 


Ipp 
Programming 
Supply Current 
100 
mA 


Ice 
Operating 
Supply Current 
50 
mA 


M 
Pulse Limit Count 
25 


NOTES: 
1. J.Ls= microseconds, 
ms = milliseconds, 
mA = milliamps, 
V = Volts 
2. Vpp must be at levels 
specified, 
or device 
will not program. 


- - - - - insert 
optional 
RADLOAD for 


JTAG BSDL compliance. 
See 
11.4 below. • 


10.0 
SAMPLE 
IMS 
RECONFIGURATION 
VECTORS 


The following example of IMS test vectors was generat- 
ed by 
the 
fx_ims.c 
program 
provided 
with 
the 
PLDshell 
Plus R3.0. Much 
of the data 
has been 
skipped over to highlight the important transitions. 


* 000 * 0 
* 000 * 0 
* 000 * 0 
* 000 * 0 
* 000 * 0 
* 000 * 0 
* 000 * 0 
* 110 * o Repeat 
15 times 
* 100 * o '( 
Run 
Test 
Idle 
) 
* 110 * 0 
( 
Select 
DR 
Scan 
) 
* 110 * 0 
( 
Select 
IR Scan 
) 
* 100 * 0 
( Capture 
IR ) 
* 101 * 0 
(Shift 
IR, for SWrite 
Instr. , 11110) 
* 101 * 0 
* 101 * 0 
* 101 * 0 
* 100 * 0 
* 110 * 0 
ope ode entered, 
exit 
IR ) 
* 110 * 0 
Update 
IR 
) 
* 110 * 0 
Select 
DR 
Scan 
) 
* 100 * 0 
Capture 
DR 
Scan 
* 100 * 0 
Shift 
DR 
Scan 
) 


( 
) 
( SRAM 
bitmap 
file 
for device 
fx780_132 
] 
) 


( 
) 
* 101 * 0 
* 101 * 0 
* 101 * 0 
* 101 * 0 
* 101 * 0 
* 101 * 0 


* 100 * 0 
* 110 * 0 
end 
of row 0) 
* 110 * 0 
Update 
DR 
) 
* 100 * 0 
Run 
Test 
Idle 
* 100 * 0 
Run 
Test 
Idle 
(again) 
* 110 * 0 
Select 
DR 
Scan 
) 
* 100 * 0 
Capture 
DR 
Scan 
) 
* 100 * 0 
Shift 
DR 
Scan 
) 
* 100 * 0 
* 101 * 0 
* 101 * 0 
* 101 * 0 


* 111 * 0 
end 
of row 53) 
* 110 * 0 
Update 
DR 
) 
* 100 * 0 
Run 
Test 
Idle 
) 
* 100 * 0 
Run 
Test 
Idle 
(again) 
* 110 * 0 
Select 
DR 
Scan 
) 
* 100 * 0 
Capture 
DR 
Scan 
) 
* 100 * 0 
Shift 
DR 
Scan 
) 
( EOF 
) 
* 110 * 0 
Update 
DR 
) 
* 100 * 0 
Run 
Test 
Idle 


To reset the device to its initial power-on state, Execute 
a PORST instruction. This will cause the device to re- 
load the EPROM configuration, just as if the device 
was powered on. The device will actually be reset when 
the instruction has been loaded. It is prudent to actual- 
ly follow the sequence below and track back to the 
Test-Logic Reset state in case future revisions of the 
device change the sequence, and so the JTAG tools can 
follow the device states. 


* 100 * 0 
Run 
Test 
Idle 
) 
* 110 * 0 
Select 
DR 
Scan 
) 
* 110 * 0 
Select 
IR Scan 
) 
* 100 * 0 
( Capture 
IR 
) 
* 100 * 0 
(Shift 
IR, for PORST 
Instr. , 
00101) 
* 100 * 0 
* 101 * 0 
* 100 * 0 
* 101 * 0 
* 110 * 0 
opcode 
entered, 
exit 
IR 
) 
* 110 * 0 
Update 
IR 
) 
* 110 * 0 
Select 
DR 
Scan) 
* 110 * 0 
Select 
IR Scan 
) 
* 110 * 0 
TEST-LOGIC 
Reset) 


/. Program name: fx_ims.c 
/. Version Number: 0 
/. Author: Richard Vireday 
/. Date: March 1993 
/. SRevision: 0.0 S 


/•.•••..•..........••...••.•.••.•••••••.••......•....•...•..•.•.......... 
, 


/. Description: This program willlraDslate the 'pengn' Bilmap ./ 
/. file format imo EPROM and SRAM test vectors for the IMS .• / 
, 
, 


, •••••••••••••••••••••••••••• 
INTEL CORPORATION 
•••••••••••••••••••••••• 


• Copyright (C) 1993 by Intel Corporation. 
• Intel Corporation, 3065 Bowers Avenue, Santa Clara, California 95051. 
• 
• This program is made available for public release as part of the 
• iFX780 FPGA device support. 
• 
• Intel Corporation assumes no responsibility for the reliability, 
• support, use, or modifications to this program.! 
• 


/. standard includes ./ 
#include <stdio.h> 


#define MAXLINE 
1000 /. maximum input line length ./ 
#define MAXNAME 
100 /. maximum liIename length ./ 


#define EOS '\0' 
#define EOL 'In' 


/. equates for packet information and file types ./ 
#define SRAM_TYPE 0 
#define EPROM_TYPE 
I 


#define SRAM_LEN 606 
#define EPROM_LEN 43 


/. function to write a ITAG vector, such as an instruction ./ 
we vector( formal, comment, vector, outli1e) 
char ·format; 
char ·comment; 
char ·vector; 
Fll..E ·outlile; 


( 
char ·v = vector; 


fprintf(outlile, format, ·v_); 
fprintfCoutlile, ~ (%s. %s)In",comment, 
vector); 
wbile (·v != EOS) 


• 


fprintf(outfile. format, *v++); 
fpute(EQL.outfile); 


main(argc. argv) 
int argc; /* number of command line args */ 
cbar Uargv; /* command line ptr siring */ 


{ 


FILE *infile; /* input file */ 
FILE *outfile; /* output file */ 
FILE *fopenO; 


cbar *inname; 1* input filename */ 
cbar *oumame; 1* output filename */ 


int i;/* index variable */ 
int DO_rows;/* the number of rows processed */ 


/* Standard IMS Veetor Format 
'*' starts a new VeetDr*/ 
cbar *vecfmt = ••* 10%c * 0"; 
/* ::: : TCK signal (in next vector) 
* ::: TDI 
*:: 
TMS 


* :..•TCK signal 
*/ 
, 
, 


/* Parse command line arguments */ 
, 
/ 


inname = NULL; 1* initialize filename slrings */ 
oumame = NULL; 


i=l; 
while (i < argc) 
{ 
if (inname =NULL) 
inname = argv[i]; /* get file names */ 
else if (oumame =NULL) 
oumame = argv[i]; 


/* else all other arguments ignored */ 
i++; 


/* Check command line arguments */ 
/•••••••••••••••••••••••••••••••• 
**•••••••••••••••••••••••••••••••••••••• 
, 


if (inname == NULL) 


( 
prinlf("%s: Error, source bit filename not specified.\n",argv[O]); 
exit(l); 
I 
if (outname == NULL) 
( 
prinlf{"%s: Error, output pattern filename not specified.\n",argv[O]); 
exit(l); 


,......•••••••••••••••.•...•••.•...•.....•........•••....•••.......•....• 
, 


/* Open files for processing */ 
, 
, 


if ((infile = fopen(inname,""'» 
== NULL) 
( 
prinlf("%s: Error opening source bit pattern filename %s\n", 
argv[OI,innatne); 


I 
if «outfile = fopen{outname,"w"» 
= 
NULL) 
( 
prinlf{"%s: Error opening output pattern filename %s\n", 
argv[OI,outname); 


, 
, 


/* Preliminary processing of source bit pattern file */ 
, 
, 


/* First we detennine the length of the vectors, and what type of file */ 
/* is being used. Then we know what insuuction 
lO use. SWRI1E or FPGM */ 


data_len = 0; 
while «c = getc{infile» != EOF) 


{ 
if (c = 
':') /* enter comment stale */ 


{ 
while {(c = getc{infile» != EOL) 


( 
if(c=EOF) 
break; 


if(c!= 
EOL) 
{ 
while «c = getc(infile» 
!= -*') 
{ 


• 


infel~ 


if(c !=EOL) 
data_len_; 


} 
break; 
I 


switch (data_len) 


( 


case SRAM_LEN: 
printf("SRAM 
vectors in %s, vector length %d\n", inname, data_Ien); 
type_oCtile 
= SRAM_TYPE; 


break; 
case EPROM_LEN: 
printf("EPROM 
vectors in %5, vector length %d\n", inname, data,Jen); 
type_oCtile = EPROM_TYPE; 
break; 
default: 
printf("WARNING: 
Unknown vectors in %s, vector length %d\n", 
inname, data..len); 
printf("Assuming 
SRAM type.\o"); 
type_oCtile = SRAM_TYPE; 
break; 


, 
, 


'* Add Initial Information to output pattern *' 
, 
/ 


'* Comments are in { }, and show the JTAG TAP Controller state the*' 
'* vector will put the device into. 
*' 


for (i = 0 ; i < 8; i++) 


fpriotf(oulfile, "* 000 * 0\0"); 
fprintf(oulfile, "* 110 * 0 Repeat IS times\n"); '* to initialize *' 
fprintf(outfile, "* 100 * 0 ( Run Test Idle }\o"); 
fpriotf(outfile, "* 110 * 0 ( Select DR Sean }\o"); 
fprintf(outfile, "* 110 * 0 { Select IR Sean }\o"); 
fprintf(outfiIe, "* 100 * 0 ( Capture IR }\o''); 


if (type_oCtile = EPROM_TYPE) 
wr_vector(vecfml, 
"Shift IR. for FPGM Instr. LSBooMSB", "10101", outfiIe); 


fprintf(outfile, ••* 110 * 0 ( opcode entered, exit IR }\o''); 
fprintf(outfile, ••* 110* 0 ( Update IR }\o"); 
fprintf(outfile, ,,* 110 * 0 ( Select DR Sean }\o''); 
fprintf(outfile, "* 100 * 0 ( Capture DR Sean }\n"); 
fpriotf(outfile, ••* 100 * 0 ( Shift DR Sean }\o"); 


, 
, 


/* Begin processing of source bit pattern file */ 
, 
/ 


/* JTAG TAP ControlIer is now in Shift-DR state. Next vectors wil1 */ 
/* begin pumping the Bitmap data in. */ 


i = 0; /* number of bits read */ 
no_rows =0; 
data_len = data_Ien - I; 


while «c = gete(infile» 
!= EOF) 


( 
if (c == ':') /* process comment */ 
( 


while «c = gete(infile» 
!= EOL) 


( 
if (c == EOF) break; 


fpute(c,outfile); 
I 
• 
I 
else if (c = 
'*') 


( 
while «c = gete(infile» 
!= ';') 


{ 
if (c = 
EOF) break; 


if (c = 
EOL) continue; 


/* if not on final bit, print it *' 
if (i < data_len) 
fprintf(outfi1e, " * 1O%c* O\n",c); 


'* put in pattern ll8IISition for final address */ 
fprintf(outfi1e, " * 11%c * 0 ( end of row %dI\n", 
c,no_rows); 


i++; '* increment bit count *' 
I 


if(c= 
';') 
( 


'* write the transition pattern for the next vector *' 
fprintf(outfile, "* 110 * 0 ( Update DR l\n"); 
fprintf(outfile, "* 100 * 0 ( Run Test Idle l\n"); 
fprintf(outfile, "* 100 * 0 ( Run Test Idle (again) }\n"); 


-r--- 
•...... 
-_ 
..., 
v \ ~•••. 
l~l1.JI'.,Jf..CU. 
1\11 
J; 
fprinlf(outfile. ". 100 • 0 ( Capwre DR Scan l\n"); 
fprinlf(outfile. ". 100 • 0 ( Shift DR Scan l\n"); 
,. note: both Run- Test-Idle Slates are necessary for 
SRAM and EPROM configurntions .• , 


, 
/ 


,. Write the final closing vector patterns ., 
,••••...••••••••••••••..............•..............•.......••••....•..... 
, 


fprinlf(outfile •••• 110· 0 (Update 
DR l\n"); 
fprintf(outfile, ••• 100· 
0 ( Run Test Idle l\n"); 


,. if necessary. uncomment these vectors go to Test-Logie-Reset 
., 
1* for (i = 0; i < 5; i++) ., 
,. fprinlf(outfile •••• 110 • 0 ( Test-Logie-Reset 
l\n"); ., 
, 
, 


,. Close all files ., 
,••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*•••••••••• 
, 


fclose(infile); 
fclose(outfile); 
I 
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This Application Note shows how to create Reconfigu- 
ration Loader circuits for the Intel FLEXlogic FPGAs. 
There are several possible circuits that can be used or 
created. All can use the JED2JTAG software to control 
the process. 


JTAG.OVC 
(Pori 


Library) 
E~::l 


Circuit Type 
/ 


(1) 
Intel Download 
Board 
-or- 


(2) 
Custom 
Circuit 


(4) 
Custom 
Reconfiguration 
Scheme 


(I.e. 
Boord 
TESTER. 
OR OTHER 
PROCESS) 
292139-1 


The JED2JTAG program is a front-end coordinator to 
several other programs. It handles all of the protocols 
and coordinates generation of the intermediate and 
download files. 


project.SDL 


'.JED 
File describing JTAG chain. 
Device configuration file(s) 


JTAG.DVC 
Library of JTAG devices 


project.DVC 
Local project library of JTAG devices 
If present in the local directory, it is 
used instead of JTAG.DVC. 


project.HEX 
project.BIN 
Hex file for FLASH memory 
JED2JT AG Stream of JTAG signals 
that is used to create a HEX file or is 
sent to the Parallel Port. Created from 
.BIT files 
JED2JTAG Intermediate file. One for 
every .JED file. JED2JTAG checks the 
time of each .BIT file to each .JED. If 
the .JED is newer, it will recreate the 
.BIT. 


Creating JTAG Chain Description 
Files 
(.SDL) 


It is assumed that JEDEC file(s) for devices in the 
JTAG chain have been generated from some design 
software. The string description file (.SDL) describes 
the JTAG chain on your circuit board. 


The file example.sdl 
contains an example of the chain 


on a prototype board, shown in Figure 2. 


J 1-8 
(TOO_PORT) 


TOI 
• 


IFILE: example.sdl -Simple Prototype Board 
{ 
I 
Port_Num 
Port_Type 
String 
3 
BIN_FILE 


I 
Port_Num 1 - for LPT1: 
Port_Type must be PARALLEL_PORT or BIN_FILE 


I 
DEVICE 
DEVICE 
DEVICE 
I 


Loc. 
o 
1 
2 


Ref 
U3 
U4 
Ul 


Device 
JEDEC File 
FX780_132 
RIGHT.JED 


FX780_84 
LEFT.JED 
TL74BCT8373 


This prototype board could connect to the Intel Down- 
load Board. Figure 2 also shows the connections for the 
Download Board, and the FLEXlogic Cable kit. 


Note that DEVICE 2 does not have a JEDEC file asso- 
ciated with it. Non-FLEXlogic Devices and those with- 
out JEDEC files, JED2JTAG will not reconfigure. 


The STRING instruction in SDL files controls what 
operations JED2JTAG will take for the JTAG chain. 


To create an example.HEX file, which can be pro- 
grammed into a FLASH PROM. 


To just create an example.BIN file, and no .HEX file, 
specify the following. 


When the chain is similar to that used by the FLEXlog- 
ic Cable Kit, and can be hooked up to a PC parallel 
port, use the following commands. 


The file JTAG.DVC 
included with JED2JTAG, 
con- 
tains a description of several common JTAG devices. 
Others can be added easily. There are directions includ- 
ed in the file that show what information is needed. 
Typically only the length of the Instruction Register is 
needed. If a device you are using is not in the library, 
the information can be gathered from the BSDL file or 
datasheet for the device. 


JED2JTAG 
is included on the FLEXlogic Cable Kit 


media. Install the software as indicated. The software is 
also available via BBS. See the Ordering Information 
section. 


EXAMPLE: 
THE INTEL DOWNLOAD 


BOARD 


An example Download Board using an 87C51 is shown 
to illustrate how to build your own custom Download 
circuit. The Download Board provides for prototyping 
hardware systems with FLEXlogic FPGAs already sol- 
dered in, but the system hardware logic is not com- 
pletely debugged. 


The Download Board, shown in Figure 3, reloads con- 
figurations for Intel FLEXlogic devices in prototype 
circuit boards. Power for the Loader board is provided 
by the host environment. 


The JTAG chain is described in the .SDL file for the 
board. This tells the JED2JTAG software what devices 
are in the chain. JED2JTAG then uses this information 
to create a .HEX file, which is programmed into a 
FLASH memory chip. 


Upon power-up, or when a reset button on the FPGA 
Loader Board is pressed, the configuration(s) stored in 
the FLASH memory on the Loader Board is shifted 
down the JTAG chain into the FPGAs on the circuit 
board. After the configuration has been sent, then the 
RESET signal on the Parallel Port Cable is enabled. 


A Custom Download circuit, such as that shown in 
Figure 4, could be built similarly using other CPUs, 
such as an i960, other Intel Architectures, or even PLD 
logic. The pseudo-code for the download algorithm is 
shown 
in the HEX 
FILE 
DOWNLOAD 
ALGO- 
RITHM Section described later. 


~ 
LOADER BOARD8 
~8 
FLASH 
~ 
87eSl 
~ 
8 
L:J 


CIRCUIT BOARD 
292139-12 


Steps to use the Intel Download 
Board 


I. Create JEDEC files. 
2. Create the .SDL file describing the circuit chain. Le., 
projectJ.sdl 


3. Runjed2jtag 
and create the .HEX me.(\) 


c:> 
jed2jtag 
projectl 


4. Program the Loader Board FLASH EPROM with 


the .HEX file, and insert it into the Loader Board 
socket. 


S. Connect the Loader Board to your Circuit Board, 
and power-up! 


NOTE: 
1. The examples assume the software runs on PC- 
DOS. 


How to Build the Intel Download 
Board 


The PCB drawings for the Intel Download board are 
provided on the North American Marketing BBS. They 
are Gerber files, and have been provided with no guar- 
antees of support or accuracy. 


The Bill-of-Materials shown below is also included with 
the Gerber files. 


Schematics for the Download board are included at the 
end of this document. 


With a 2S6K 
EPROM, 
the Download 
Board 
has 
enough capacity to handle approximately 30 FLEXlog- 
ic devices in a JTAG chain. For instance, each iFX780 
device configuration takes roughly 8K of the FLASH 
EPROM memory. 


Intel Download 
Board BiII-oi-Materials 
• 


Item 
aty 
Part/Doc 
Part Name 
Value 
Number 


1 
4 
C7,C6, 
CAP 
0.1 /'oF 
C5,C4 


2 
5 
R4-R8 
CAP 
30.10 


3 
1 
R2 
CAP 
2150 


4 
1 
R3 
CAP 
2370 


5 
1 
C3 
CAP 
4.7/'oF 


6 
2 
R1,R9 
RESISTOR 
21.5K 


7 
2 
C1,C2 
CAP 
33 pF 


8 
1 
Sl 
SWITCH 


9 
1 
U3 
256X8 FLASH 


10 
1 
U2 
74ALS573B 
or equivalent 


11 
1 
U1 
87C51FA 


12 
1 
U1 
LED 


13 
1 
J1 
CON20PIN(1) 


14 
1 
Y1 
XTAL 
12 MHz 


NOTE: 
1. AMPpart number 1-535542-2,or equivalent. 


USING THE PARALLEL 
PORT 
FLEXlogic 
CABLE 
KIT 


The Intel Download board is designed in such a way 
that it can be directly connected to the host system, or 
to a flat ribbon cable similar to that used in the FLEX- 
logic Cable Kit. This makes it interchangable with the 
Cable Kit, and both methods can be used interchang- 
ably for prototyping. 


- 
' 
ed directly to your circuit board with a cable from the 
Parallel Printer Port, 


Instead of creating a ,HEX file, the ,SDL file must be 
changed so that it will send the configuration via the 
Parallel Printer Port instead. 


See the STRING commands in the JED2JTAG seeton 
for further information, 


As mentioned previously, custom load circuits can be 
built, similar to the Intel Download Board, There are 
two choices: I) a customer circuit with a FLASH mem- 
ory, or 2) a software download-able circuit 
I, A custom FLASH loader can be built similarly to 
the Loader board using a different CPU, or different 
memory, For this, you may use the HEX FILE 
DOWNLOAD 
ALGORITHM, 
2. An example of a software download-able circuit 
would be an add-in card, where the configuration is 
downloaded from the disk of a host CPU, In this 
case, the BIN FILE DOWNLOAD ALGORITHM 
should be used, 


CIRCUIT BOA/lO 


292139-4 


The .BIN file contains TMSITDI pairs for each JTAG 
clock (TCK). All that is required is a host CPU that 
drives these signals accordingly. 


The BIN file download algorithm describes the con- 
tents of these files. 


For Intel Literature call (800) 548-4725. Outside of the 
USA/Canada, 
please call your local Intel sales office. 


•••.• u""' 
.•.• 7/ .... ...,¥Cl-ljU..UlUrt3 
Jur In-lArCUll 
l<eCOnflgura- 


tion and. Programming 
the iFX780 FPGA ': Application 


Note 390, Order Number 292122-001. 


The App-Note contains detailed JTAG ttmmgs, and 
shows how to build JTAG instruction streams from 
FLEXlogic bitmaps. 


Consult your local Intel Sales office or authorized dis- 
tributor. 


Be sure to get the FLEXlogic Cable Kit Software Vl.l 
or later to get the JED2JT AG software. 


Consult your local Intel Sales office or authorized dis- 
tributor. 


This is a demonstration 
board which contains two 


iFX780 sockets, 84-pin and 132-pin, and 2 LCD dis- 
plays. The board can be used to demonstrate reconfigu- 
ration, and can also be used for programming. 


Intel's Application 
BBS 


(916) 356-3600 


The FLEXlogic Cable Kit Software can also be down- 
loaded from the BBS. Follow all directions to download 
from the PLDD/FPGA 
file area. 


The DOS Cable Kit Software is delivered in a com- 
pressed format. The regular install program should be 
run in order to uncompress the files. 


READEVAL.ME 
JED2JTAG.EXE 
BIN2HEX.EXE 
BIN2PP.EXE 
PENGN.EXE 
EXAMPLE.SDL 
JTAG.DVC 


Other files may be included in later versions of the soft- 
ware. 


The Intel Download Board Gerber files are available on 
the BBS as a compressed file. 


The 87C5l Assembler Code (with .OBJ and .HEX 
files) for the example Intel Download Board is also pro- 
vided in a separate compressed file. 


This pseudo-code shows the algorithm used in the Intel Download Board to read the contents of the FLASH 
memory. and control the JTAG pin signals. 


. * 
Author: 
John 
Logue 


.• Revision 
Record: 
06/17/93 
JDL 
Initiai 
Release 
- Version 
1.0 
... 
.• This 
program 
typically 
executes 
in an embedded 
controller 
from an 
executable 
memory 
bank . 
.• It transmits 
data 
from a local 
nonvolatile 
data 
memory 
bank 
to a JTAG 
(IEEE 
1149.11 
chain, 
:: ~ypicallY 
to 
load 
the 
SRAM 
control 
memory 
in the FLEXlogic 
FPGAs 
in the chain . 


. * 
Data 
is 
stored 
in 
the 
nonvolatile 
memory 
off-line, 
e.g., 
with 
a 
PROM 
programmer 
. 
.• formatted 
as a JTAG 
data 
stream. 
Each 
byte 
contains 
TDO/TMS 
data 
for 4 TCKs. 
Bit 
.• each 
byte 
is the 
first 
TDO, 
bit 
1 is the 
first 
TMS, 
bit 
2 is the 
second 
TDO, 


.* 
etc. 
No 
inversion 
occurs 
between 
memory 
and TMS/TDO . 
.. . 
.. 
.. The 
first 
four bytes 
in the nonvolatile 
memory 
specify 
the 
Ending 
Address 
+ 
1. The 
least 


significant 
byte 
is at data 
address 
O. The 
JTAG 
data 
stream 
starts 
at data 
address 
4 . 
.. . 
, 
The 
down-load 
operation 
takes 
place 
automatically 
each 
time 
the embedded 
controller 
is 
; ·reset, 
including 
power-on. 
i*··**····*---****·**-*-*---***-·**-*-**---*·***-*-**-*************** 
; Initialization 
SET 
LED. 
port 
bit 
; turn 
off 
LED 


CLR 
TCK port 
bit 
; init TCK 
to LOW 


CLR 
RESET. 
por~ 
bit 
; init RESET. 
to LOW 
(activate 
host 
RESET) 


CLR 
CE. port 
bit 
; enable 
Flash 
memory 


CLR 
LED. 
port 
bit 
; turn 
on LED 


adrs = 0; 
initialize 
data 
address 
and 
last_adrs 
(adrs); 
last 
address 
+ 
1 
(these are 
32 bit 
values) 
adrs 
= adrs 
+ 
4; 


; output 
1st TMS/TDO 
MOVE 
bit 
0 of 
(adrsl 
to TDO 
port 
bit 
MOVE 
bit 
1 of 
(adrsl 
to TMS 
port 
bit 
SET TCK 
port 
bit 
; pulse 
TCK 
CLR 
TCK 
port 
bit 


; output 
2nd TMS/TOO 
MOVE 
bit 
2 of 
(adrs) 
to TOO port 
bit 
MOVE 
bit 
3 of 
(adrs) 
to TMS port 
bit 
SET TCK 
port 
bit 
; pulse 
TCK 
CLR 
TCK 
port 
bit 


; output 
3rd TMS/TOO 
MOVE 
bit 
4 of 
(adrs) 
to TDO port 
bit 
MOVE 
bit 
5 of 
(adrs) 
to TMS port 
bit 
SET TCK port 
bit 
; pulse 
TCK 
CLR 
TCK port 
bit 


; output 
4th 
TMS/TDO 
MOVE 
bit 
6 of 
(adrsl 
to TDO port 
bit 
MOVE 
bit 
7 of 
(adrs) 
to TMS 
port 
bit 


SET 
TCK port 
bit 
; pulse 
TCK 


CLR TCK 
port 
bit 


; Completion 


SET RESET. 
port 
bit 
; release 
host 


SET 
LED. 
port 
bit 
; turn 
off 
LED 


SET CE. 
port 
bit 
; disable 
memory 
to save power 
SLEEP 
; disable 
embedded 
controller 
to save power 


• 


.* Author: 
John 
Logue 
.• Revision 
Record 


.* 
06/21/93 
JDL 
Initial 
Release 
- Version 
1.0 


'; * 
• 
i******************************************************************** 
· * 
* 
.• This 
program 
typically 
executes 
in a computer, 
such 
as a PC, 


.* 
that 
is capable 
of 
reading 
disk 
files. 
It transmits 
data 
from 
.* a binary 
file 
to a JTAG 
(IEEE 
1149.1) 
chain. 
Typically, 
this 
.* 
is to 
load 
the 
SRAM 
control 
memory 
in the 
FLEXlogic 
FPGAs 
in 
.* the chain. 
Normally, 
the binary 
file was 
generated 
by JED2JTAG. 


· * * 
.• Data 
in 
the 
binary 
file 
is 
formatted 
as 
a 
JTAG 
data 
stream 
. 


. * 
Each 
byte 
contains 
TDO/TMS 
data 
for 4 TCKs. 
Bit 
0 of each 
.* byte 
is the 
first 
TOO, 
bit 
1 is the 
first 
TMS, 
bit 
2 is the 
.• second 
TOO, 
etc. 
No 
inversion 
occurs 
between 
the 
file 
data 
· * 
and 
TMS/TDO. 
· * 
* 
.• Note 
that 
the hardware 
interface 
to the JTAG 
chain 
is not 
.• defined. 
Examples 
are: 
Processor 
port 
pins, 
ISA 
or 
.* 
Microchannel 
ports, 
etc. 
Refer 
to Standard 
IEEE 
1149.1 
for 
.• more 
information 
on 
signals 
TCK, 
TMS, 
and 
TOO. 


· * 
* 


;*.* ••••• 
*.* 
••••••••• 
* ••••••••• 
_.*-._.-.-.-----------.*************** 


CLR 
TCK 
hw bit 
; init 
TCK 
to LOW 


SET RESET 
hw bit 
; activate 
RESET 
to FLEXlogic 
circuitry 


OPEN 
bin_file 
; open 
binary 
file 


DO 
( ; loop until 
all 
data 
is read 
from 
the binary 
file 


READ 
byte 
of bin_file 
into 
data_byte 


; output 
1st TMS/Too 
MOVE 
bit 
0 of data_byte 
to TOO 
hw bit 
MOVE 
bit 
1 of data_byte 
to TMS 
hw bit 
SET TCK 
hw bit 
; pulse 
TCK 
CLR 
TCK 
hw bit 


output 
2nd TMS/Too 
MOVE 
bit 
2 of data_byte 
to TOO 
hw bit 


MOVE 
bit 
3 of data_byte 
to TMS 
hw bit 
SET TCK 
hw bit 
; pulse 
TCK 
CLR 
TCK 
hw bit 


output 
3rd TMS/TDO 
MOVE 
bit 
4 of data_byte 
to TDO 
hw bit 
MOVE 
bit 
5 of data_byte 
to TMS 
hw bit 
SET TCK 
hw bit 
; pUlse 
TCK 


CLR 
TCK 
hw bit 


output 
4th 
TMS/TDO 
MOVE 
bit 
6 of data_byte 
to TOO 
hw bit 
MOVE 
bit 
7 of data_byte 
to TMS 
hw bit 
SET TCK 
hw bit 
; pulse 
TCK 
CLR 
TCK 
hw 
bit 


CLR 
RESET 
hw bit 
CLOSE 
bin_f ile 


MOV 
TMS,C 
SETB 
TCK 


Vcc 


CI 
1 
C2 


33 pF 2 
33 pF 


"Tl 
;;; 


US'e.. 
CD 
//1 
237 


:"I 
Vcc 
LED 
1 
2 


C0 
OSI 
R3 


:e 
::2 
J1 
0' 
1 Vcc 


IIIa.. 
2 
T~S 
1 30.1 
R7 
2 


lD 
3 
0 
III 
4 
TCK 
1 30.1 
R8 
2 
.. 
a.. 
5 


CIl 
6 
TDI_PORT 
1 30.1 
R5 
2 


0=r 
7 


CD 
8 
TOO_PORT 
130.1R62 
3 
III 
9 
.. 
(;' 
10 
III 
11 


12 


13 


14 


15 


16 
RESET# 
1 30.1 
R4 
2 


17 


18 


19 


20 


XTAL 1 
87C51FA 
21 
XTAL 1 
PSEN- 
XTAL2 


Vcc 


21.5k 


1 
2 
35 


R9 
EA# 
EA-/vpp 


C3 
4.7 
).IF 


C51-RESET 


10 
RESET 
P20/A8 
24 
A08 


P211 A9 


Rl 
P22/Al0 
A 


21.5K 


P23/All 
AI 


P24/A12 
P25/A13 
A 1 


P26/A14 
30 
A 14 


P27/A15 
31 
A 15 


Pl0/T2 
P30/RXO 
11 
P l1/T2EX 
P31/TDX 
P12/ECI 
P32/1NO- 
14 


P13/cEXO 
P33/1NI- 
1 


P14/cEXl 
P34/TO 


P15/cEX2 
P35/Tl 


P16/cEX3 
P36/wR- 


P17/cEX4 
P37/RO- 


Ul 


II 


I/o 
1 13 


1/02 
1/03 
1/04 
1/05 
1/06 
1/07 
1/08 
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PROBLEM 
3-90 
SOLUTION 
3-90 


• 


Designs that utilize numerous levels of cascaded logic 
often result in excessive product terms when expressed 
in the sum-of-products form. Although this poses no 
problem when designing with discrete logic, PLDs are 
generally optimized for the sum-of-product form. This 
stems from the architecture of the basic Macrocell. 


Macrocells typically consist of a programmable AND 
'array feeding a fixed width OR gate. Most Intel PLDs 
(with a few exceptions) have a fixed OR gate width of 
eight product terms. For most applications, eight avail- 
able product terms are sufficient. However certain de- 
signs require logic to be cascaded, which usually causes 
product 
term requirements 
to expand geometrically. 
One example where product terms become an issue is 
cascaded exclusive-OR (XOR) circuits. Here the num- 
ber of product terms increase by 2 to the nth power, 
where n equals the number of XOR gates. If the num- 
ber of product terms exceeds eight, the equation may 
not fit in the PLD macrocell. 


There is a simple solution to reduce the product term 
requirements when using cascading XOR (or other) 
logic. Figure I shows a circuit cascading five XOR 
gates. As designed, this circuit expands to 32 product 
terms (p-terms) when expressed in the minimized sum- 
of-products form. Figure 3 shows the minimized equa- 
tions expressed in PLDasm language, which is the logic 
description language used with Intel's PLDshell Plus 
development tool. 


An easy solution to fitting this logic into an PLD is to 
cascade three exclusive XORs together and then send 
the result through a combinatorial NODE. This has the 
effect of gathering the 8 p-terms required to implement 
a three XOR cascade into a single term. Figure 4 shows 
the PLDasm file for this implementation, 
where the 
gathering term is called MCELL. Note the reduction in 
the p-terms required by the signal OUT, as compared 
to Figure 3. 


The penalty in this method is the added delay needed 
for the feedback path, and the use of an additional mac- 
rocell resource. The worst case tpd (circuit input to out- 
put delay) for the circuit in Figure 2 would be twice the 
specified tpd for the target PLD. For the 7.5 ns 85C220, 
the tpd would be 15 ns worst case. 


I 


:=JD--=l~~ 
~I-- 
----~ 
o 
L-/ 
E--J~ 
I 
lOUT 
L-/ ,--J 
I 
I 


;inputs 
PIN 
A 
PIN 
B 
PIN 
e 
PIN 
D 
PIN 
E 
PIN 
F 


;outputs 
PIN 
OUT 


EQUATIONS 


OUT = F * IE * ID * Ie * IA * IB 
+ F * IE * ID * Ie * A * B 
+ F * IE * ID * e * A * IB 
+ F * IE * ID * e * IA * B 
+ F * IE * D * e * IA * IB 
+ F * IE * D * e * A * B 
+ F * IE * D * Ie * A * IB 
+ F * IE * D * Ie * IA * B 
+ F * E * D * Ie * IA * IB 
+ F * E * D * Ie * A * B 
+ F * E * D * e * A * IB 
+ F * E * D * e * IA 
* B 
+ F * E * ID * e * IA * IB 
+ F * E * ID * e * A * B 
+ F * E * ID * Ie * A * IB 
+ F * E * /D * Ie * IA * B 
+ IF * E * ID * Ie * IA * IB 
+ IF * E * ID * Ie * A * B 
+ IF * E * ID * e * A * IB 
+ IF * E * ID * e * IA * B 
+ IF * E * D * e * IA * IB 
+ IF * E * D * e * A * B 
+ IF * E * D * Ie * A * IB 
+ IF * E * D * Ie * IA * B 
+ IF * IE * D * Ie * IA * IB 
+ IF • IE * D * Ie * A * B 
+ IF * IE * D * e * A * IB 
+ IF * IE * D * e * IA * B 
+ IF • IE * ID * e * IA * IB 
+ IF * IE * ID * e * A * B 
+ IF * IE * ID * Ie * A * IB 
+ IF * IE * ID * Ie * IA * B 


• 


jinputs 
PIN 
A 
PIN 
B 
PIN 
C 
PIN 
D 
PIN 
E 
PIN 
F 


jburied 
NODE 
MCELL 


joutput 
PIN 
OUT 


EQUATIONS 


MCELL 
D * Ic * IA * IB 
+ 
D * Ic 
* A 
* B 
+ D * C * A * IB 
+ D * C * IA 
* B 
+ ID * C * IA * IB 
+ ID * C * A * B 
+ ID * Ic * A 
* IB 
+ ID * Ic * IA * B 


OUT 
F * 
IMCELL 
* IE 
+ F * MCELL 
* E 
+ IF * MCELL 
* IE 
+ IF * 
IMCELL 
* E 


APPLICATION 
BRIEF 


The 85C224 Clock Driver 
Low Output Skew PLD 


LISA J. LAU 
COMPONENT RESEARCH AND DEVELOPMENT 


JOHN VAN SACK 
SALES AND MARKETING 


• 


The 85C224 Clock Driver Low Output Skew PLD 


CONTENTS 
PAGE 
CONTENTS 
PAGE 


1.0 INTRODUCTION 
3-95 
6.0 TEMPERATURE 
DEPENDENCE 
3-97 


2.0 CLOCK DiSTRIBUTOR 
3-95 
7.0 POWER SAViNGS 
3-97 


3.0 FREQUENCY 
DIVIDER 
3-96 
8.0 TOOLS AND SUPPORT 
3-97 


4.0 INVERTED 
OUTPUTS 
3-96 
9.0 CONCLUSiON 
3-97 


5.0 RISE AND FALL TIMES 
3-96 


intelQP 


With the continuing demand for performance driving 
the need for high frequency microprocessors and infor- 
mation systems (i.e., the Pentium™ 
processor, i486 
microprocessors, and PCI Bus), designers of these com- 
plex systems are faced with the task of completing nu- 
merous system instructions within a shrinking window 
of time; from a 30 ns clock period @33 MHz to 15 ns 
@66 MHz. Many recent. logic devices feature faster 
propagation delays, but this is not always enough. De- 
signers are now seeking relief from these timing con- 
straints by using higher quality clock driver devices, as 
well. At the current stage of advanced processor system 
development, clock signal timing accuracy is more im- 
portant 
than ever. Designers must be able to drive 
clocks to various regions of the board using special 
clock driver chips featuring extremely low output pin- 
to-output pin skew (TOS). 


Intel programmable logic devices are a highly effective, 
low cost solution to the output 
skew minimization 
problem associated with high frequency clock distribu- 
tion. The 85C224 Programmable Logic Device is de- 
signed with extremely low output pin skew. In addition, 
it offers superior output signal quality including fast 
rise and fall times. Combined with the flexibility of pro- 
grammable logic the 85C224 can be programmed in a 
variety of clock driver configurations with maximum 
output pin skew of less than 400 ps. 


Unlike dedicated clock drivers that have limited flexi- 
bility, Intel's 85C224 can be configured into different 
types of clock drivers. This flexibility allows the design- 
er to satisfy several clock driver needs with one device. 
In addition, while dedicated clock drivers can perform 
only one function (typically distribution or division), 
the flexible 85C224 satisfies programmable logic needs 
such as control signals and widespread glue logic needs. 
Only with a minimized output 
skew PLD like the 
85C224 can a designer implement clock distribution, 
division, and programmable logic with a single device. 


Not only is the 85C224 flexible, but it is also cost effec- 
tive. In comparison, dedicated clock driver devices with 
equivalent output skew range in cost of up to 10 times 
more than the 85C224! If the extrinsic value of the flex- 
ible programmable logic features were included in this 
cost comparison, the cost savings multiple would be 
even greater! 


For power intensive systems, like notebook PCs, low 
power consumption clearly becomes important. Fortu- 
nately, the 85C224 has always incorporated low power 
CMOS 
technology 
(typical lee 
= 
60 mA). 
The 
85C224 is an ideal clock driver for low power notebook 
PC's and portable systems. 


This Application Brief describes how the flexibility and 
extremely low output skews of the 85C224 meet the 


clock driver needs of high clock speed systems. Two 
types of clock drivers are discussed, the simple gate 
driver or distributor and the frequency divider. 


The 85C224 PLD performs as a simple gate driver or 
clock signal distributor 
when its outputs 
are pro- 
grammed to replicate an input clock. In this configura- 
tion, the input clock signal is replicated and driven 
from between I to 8 output pins (see Figure I). 


From the outputs, the clock lines are then distributed 
to numerous regions of the system layout which require 
a synchronous version of the system clock as an input. 
Each of the output clocks has the same frequency and 
duty cycle as the original input clock. Output pin skew 
in this mode will typically be less than 250 ps for the 
low to high transition and 130 ps for the high to low 
transition (see Table I). This configuration will drivel 
distribute clocks up to a maximum clock frequency of 3 
133 MHz. A simple PLDasm program is shown below 
where the outputs (IO's) follow the clock input (inpl): 


EQUATIONS 
101 = 1npl 
101.TRST = VCC 
102 = 1npl 
102.TRST = VCC 


Design Recommendations: The lowest output skew can 
be obtained by defining Input 6 (pin 6) as the clock 
input of choice. This path has been determined by engi- 
neering to provide the lowest output pin skew. 


The best way to ensure a clean output clock with limit- 
ed ground bounce is to connect all unused input pins 
and optional ground pins to a clean ground plane. In 
addition, connect all optional power pins to a clean 
power supply. 


The output skew that is noted in Table 1 was deter- 
mined with a configuration driving all 8 outputs and 
measuring worst case skew between all combinations of 
outputs. If less than eight output clocks are needed then 
the designer can attain even better output skew by se- 
lecting the optimal output pins which maintain progres- 
sively better output skew characterizations. For the low 
to high transition, the output pin skew decreases as 
used clock outputs are closer to Ycc, pin 28. In addi- 
tion, unused output pins should be tied to ground. For 
example, a 1 to 4 clock distribution using the first four 
I/Os (and grounding I/Os 5-8) provides output pin 
skew as low as 200 ps across all four outputs. 


Conversely, for the high to low transition the skew in- 
creases as you move away from the ground pin. By 
grounding I/O 1 and 1/08 the skew for the remaining 
pins are reduced to 100 ps. For systems requiring the 
least skew possible (:>: 100 ps), triggering from the fall- 
ing clock edge will provide the smallest clock skew 
achievable by the 85C224 (or any device on the mar- 
ket). 


For systems that require multiple clock frequencies 
(i.e., 66 MHz and 33 MHz) or a clock signal with 50% 
duty cycle, a clock frequency divider can be used. By 
programming the outputs to toggle on the rising edge of 
the input clock, the 85C224 will divide the input fre- 
quency 
by two (see Figure 
2). An example of a 
PLDasm frequency divider is shown below: 


Equations 
iol 
:= /iol 
iol.TRST 
= VCC 
i02 
:= /iol 
i02.TRST 
= VCC 


l 
Ti 
J1Il. 
,"p,/eLK 
PI 
I/O' JLrl.. 


In this mode the 85C224 can achieve typical output 
skews of 130 ps for the high to low transition 
and 
200 ps for the low to high transition (see Table 1). 
These superior output skews are achieved as a result of 
the close proximity of the toggling registers to the out- 
put pin. The reduced signal path in the divider configu- 
ration translates into a narrowing of the potential varia- 
tion in the output pin skew; hence, even less output pin 
skew. 


The maximum frequency of the 85C224-l00 clock di- 
vider is 100 MHz input with a 50 MHz output. The 
85C224-1Owill divide clock inputs up to 58 MHz and is 
offered at an even lower price. 


As with the clock distributor, the best way to insure a 
clean output clock signal and limited ground bounce is 
to connect all unused input pins, other than the clock 
input pin, (INPUT 
1) to a clean ground plane. Also, 
connect the pins labeled "no connection" 
to ground 
and Pin 1 to Ycc. The skew increases for I/Os as they 
move farther from the Ycc pin. Conversely, for the 
high to low transition the skew increases for outputs 
farthest from the ground pin. This information is often 
useful when routing low skew priority signals. 


In addition to low output pin skews and a variety of 
clock driver configurations the 85C224 can be pro- 
grammed to invert any of the eight outputs. This fea- 
ture reduces skew and saves parts as it eliminates the 
need to route a clock through an inverter chip to pro- 
vide the capability of triggering on the falling edge of 
the clock. The inversion is done with a negligible in- 
crease in output skew. From a software standpoint, the 
inversion can be accomplished by programming 
the 
"invert" bit in the PLD source code. In PLDasm, in- 
verting the signal is accomplished by using the active- 
low declaration "I" in front of the output signal that is 
to be inverted. 


The rise and fall times of the 85C224 meet the needs of 
high-speed system applications such as the Pentium™ 
microprocessor, while controlling ground bounce. Typ- 
ical rise times are under 1.4 ns and typical fall times are 
under 1000 ps. Rise and fall times were measured from 
0.8Y to 2.0Y with a 50 pF load. 


As the temperature approaches 85°C, the output skew 
of the 85C224 remains under 500 ps. In combinatorial 
logic, the output skew will increase to typical values of 
350 ps for the low to high transition and 230 ps for the 
high to low transition. In registered mode the skew at 
85°C is typically 200 ps for the low to high transition 
and 250 ps for the high to low transition. 


The 85C224 is perfect for laptop system as the I-mi- 
cron CHMOS HIE EPROM process allows it to con- 
sume less power than bipolar PALs and even CMOS 
GALS. Since there is an output enable P-term for every 
macro cell, a power management scheme can be pro- 
grammed into the array that will disable macrocells ac- 
cording to the power requirements of the system. In 
this case, the 85C224 can perform three functions: pow- 
er management, clock distribution and division, further 
demonstrating the high utility and flexibility of this de- 
vice. 


Complete design files and JEDEC files associated with 
this brief can be downloaded via the PLDshell Plus 


BBS. The number is (916) 985-2308. You must be a 
registered PLDshell Plus user to log in. 


PLDshell Plus software is available from Intel Litera- 
ture 1-800-548-4725 or your local Intel sales office. 


The 85C224 is an excellent choice for low skew clock 
driver applications. The PLD offers flexibility which 
allows the designer to configure the device into an as- 
sortment of clock driving implementations: 
distribu- 


tion, division, and inversion. The device fundamentally 
provides low power and programmable logic function- 
ality to meet the needs of control logic, state machines, 
and power management-all 
with a single device, the 


85C224. The 
extremely 
low skews offered by the 


85C224 are as good and better than comparable single 
function clock drivers; for a fraction of the cost! 


High performance, low power, minimal output skew, 3 
programmable capabilities, low cost and overall flexi- 
bility make the 85C224 an intelligent solution for your 
design needs. 
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TA - 
2SoC 
TA - 
7SoC 


Symbol 
Parameter 
Vcc 
CL = SOpF 
CL = SOpF 
Units 


Typ 
Max 
Typ 
Max 


CombtosHL 
Combinatorial 
1/0 to 1/0 Skew 
5.0V 
130 
250 
175 
250 
ps 
High to Low Transition 


CombtoSLH 
Combinatorial 
110 to 1/0 Skew 
5.0V 
250 
400 
200 
300 
ps 
Low to High Transition 


Reg toSHL 
Registered 
1/0 to 1/0 Skew 
5.0V 
150 
225 
150 
225 
ps 
High to Low Transition 


Reg toSLH 
Registered 
1/0 to 1/0 Skew 
5.0V 
200 
300 
200 
250 
ps 
Low to High Transition 


tr 
Rise Time (0.8V-2.0V) 
5.0V 
1.3 
1.5 
1.2 
1.4 
ns 


t, 
Fall Time (0.8V-2.0V) 
5.0V 
1.0 
1.2 
1.1 
1.1 
ns 


fMAX 
Max. Counter 
Freq. 1/teNT 
5.0V 
80 
62.5 
80 
62.5 
MHz 
Internal Feedback 


fMAX 
85C224·100 
Internal Feedback 
1/teNT 
5.0V 
115 
115 
MHz 
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In the past decade and half, system designers have 
come to depend on PLDs (Programmable Logic Devic- 
es) to implement random logic and interface circuits 
because of the low cost and high performance these 
devices ofTer.Bipolar PLDs (commonly calIed PALs') 
were the first class of devices to become a common part 
of the designer's repertoire. As power requirements and 
heat dissipation 
of bipolar PLDs 
became a design 
and/or 
reliability limiter in the mid-1980's, designers 
began using CMOS PLDs (GALs" 
and PLDs). 


In 1989 and 1990 Intel began shipping its fast 85C220 
and 85C224 PLDs. These PLDs are supersets of com- 
mon 20-pin and 24-pin PALs/GALs. 
Both the 85C220 
and 85C224 exhibit extremely fast speeds, low power 
consumption, and high integration, which make them 
idealIy suited for high-speed microcomputer system ap- 
plications. This application note covers the architectur- 
al features that 
distinguish 
these Intel PLDs 
(also 
calIed ,..,PLDsfor Microcomputer Programmable Logic 
Devices) from their competition. It also covers per- 
formance, power requirements, and heat dissipation. 


Finally, it describes electrical characteristics of the de- 
vices, along with guidelines for taking best advantage of 
device behavior while mitigating tradeofTs that may be 
encountered. 


PLDs can be measured in terms of propagation delay 
(tPD) or state machine frequency (lltsu 
+ tCO)' In 
terms of propagation delay, performance of the first 
CMOS 
PLDs 
lagged 
behind 
bipolar 
PLDs 
by 
15 ns-20 ns. This gap has been closed to 2.5 ns or less. 
In terms of state machine frequency, CMOS PLDs also 
historicalIy lagged bipolar PLDs significantly. State- 
machine performance of Intel PLDs equals or surpasses 
bipolar PLDs. Table I lists the key speed parameters of 
16-series and 20-series PALs 
and 
GALs, 
and 
the 
85C220/85C224. The additional performance provided 
by the 85C220/85C224-80 can allow faster state ma- 
chine designs or provide additional margin for existing 
designs. The 85C220/85C224-7 provide fast combina- 
• 
torial logic at significantly reduced power consumption 
over bipolar devices. 


Parameter 
16R8-D 
16R8-E 
16V8-10 
85C220-7 
85C220-80 
85C220-100 
20R8-D 
20R8-E 
20V8-10 
85C224-7 
85C224-80 
85C224-100 
Units 


tpD 
10 
7.5 
10 
7.5 
10 
7.5 
ns 


tsu 
10 
7 
10 
7 
7 
4.5 
ns 


tea 
7 
6.5 
8 
6.5 
5.5 
5.5 
ns 


fCNT1 
58.8 
74 
55.5 
74 
80 
100 
MHz 


teNT 
16.5 
10 
Not Avail. 
10 
10 
10 
ns 


fCNT2 
60 
100 
Not Avail. 
100 
100 
115 
MHz 


fMAX 
62.5 
100 
62.5 
100 
111 
115 
MHz 
ItalicsIndicatefastest speclflcallOnfor that category. 


Parameter Definitions: 
tpo 
- 
Propagation 
Delay, Input 
or 110 to Output 
Valid Delay 
tsu 
- 
Input 
or 110 Setup Time to Clock 
teo 
- 
Clock to Output 
Valid Delay 
fCNT! - 
Max. External 
Counter 
Frequency 
(l/tsu 
+ tCO) 
tCNT 
- 
Clock to Feedback 
Setup for Next Clock-Internal 
Path 
fCNT2 - 
Max. Internal 
Counter 
Frequency 
(l/tCNT) 
fMAX - 
Max. Pipelined 
Frequency 


'PAL is a registered trademark of Advanced MicroDevices. 
""GALis a registered trademark of LatticeSemiconductor,Inc. 


ARCHITECTURAL 
SUPERSET 
FEATURES 


This section summarizes the architectural limitations of 
PALs and GALs and describes the superset features of 
the 85C220/85C224 devices. 


Designers are familiar with common 16-series and 20- 
series PAL and GAL devices. The layout is standard 
with clock, output enable, inputs and outputs in the 
same pin locations across families of devices (all signals 
on R4, R6, and R8 devices; inputs and outputs on L8 
devices). Seven or eight p-terms (product-terms) 
are 
available for logic implementation. The major task with 
PALs is to pick the device with the desired range of 
inputs and registers. The designer then fits the design 
into the device, modifying the design to fit the architec- 
ture of the device. 


Architectural 
limitations that experienced PAL users 
have all encountered include: 
1. One active output polarity per device (usually active 
low) 


2. Only 7 SOP (Sum-of-Products) p-terms on combina- 
torial outputs 
3. Unusable pin on R4, R6 and R8 devices if the dedi- 
cated OE is not used 
4. No feedback on the outside macrocells (#0 and #7) 
of L8 devices 
5. Wasted resources in cases where the number and 
type of outputs does not match device resources. 
(For example, a 16R-series or 20R-series PAL can- 
not implement a design requiring 5-registered and 3- 
combinatorial outputs. An R6 would be needed to 
implement the 5 registers and 2 of the 3 combinatori- 
al outputs. One register in the R6 would not be used 
and the 3rd combinatorial output would have to be 
implemented in discrete logic or in an additional 
PAL.) 


The GAL architecture overcomes some of these limita- 
tions. GALs offer programmable 
output polarity so 
that any output can be active high or active low. Any 
combination of registered/combinatorial 
outputs can be 
implemented in a single device. But several architectur- 
al limitations are still present in GALs: 
1. Only 7 SOP p-terms are available for combinatorial 
outputs if a p-term is used for an OE signal 
2. The dedicated OE pin is unusable if registers are 
used but the OE control is not needed 


3. No feedback on the outside macrocells (#0 and #7) 


when the device is configured for all combinatorial 
outputs. 


Thus while GALs provide greater flexibility than PALs, 
GAL users still find themselves designing around the 
architectural limitations. 


With the Intel 85C220/85C224 PLDs, the architectural 
limitations of PALs and GALs have been overcome. 
The 85C220 is an architectural 
superset of 16-series 


(20-pin) PALs and GALs, while the 85C224 is an ar- 
chitectural superset of 20-series (24-pin) devices. Let's 
look at the superset features. 


Figure 1compares the macrocells (output structures) of 
PALs, GALs, and the 85C220/85C224. Note that the 
85C220/85C224 and the GAL contain a programmable 
invert option to allow each output to be individually 
configured as active low or active high. This feature 
allows logic compilers to use DeMorgan's 
inversion 


techniques to fit equations into an 85C220/85C224 that 
would not fit into a standard PAL. Larger equations 
will fit into the 85C220/85C224 that will not fit in 16- 
series and 20-series PALs. 


Independently 
Configurable 
Outputs 


The 85C220/85C224 and the GAL allow any combina- 
tion of registered and combinatorial outputs in a single 
device. This feature means that designers will not have 
to leave outputs unused as with PALs. 


Figure 1 also shows that the 85C220/85C224 contains 
an output enable p-term in addition to the 8 SOP p- 
terms (9 p-terms total). L8 PALs and GALs borrow 
one of the SOP p-terms to implement an OE equation, 
leaving only 7 p-terms to implement the SOP. In cases 
where an SOP equation requires all 8 p-terms, the 
PAL/GAL 
designer must route part of the equation 


through another macrocell first (and accept the addi- 
tional delay), or choose a different device. Since the 
85C220/85C224 does not have this limitation, larger 
designs will fit more often in Intel PLDs. 


Note that the two outside macrocells (#0 and #7) on 
L8 PALs and GALs configured for combinatorial oper- 
ation do not allow feedback to the logic array. If this 
feedback is needed, a different device must be chosen. 


intelQP 


This may mean switching to an l8P8, l8CV8, etc., or 
moving up to a larger device with more inputs. All 8 
outputs on the 85C220/85C224 can feed back a combi- 
natorial signal from the I/O pin to the logic array. The 
need to change devices or move up to a larger device is 
diminished for 85C220/85C224 users. 


When using PALs and GALs configured for registered 
operation, the OE pin can only be used as an OE signa1. 


If no OE function is needed, the pin must be tied high; 
it cannot be used as a standard input to the logic array. 
The 85C220/85C224, however, does not contain a dedi- 
cated output enable pin, making these devices more 
flexible than PALs and GALs. 
With the 85C220/ 


85C224, if the registers do not require an output enable, 
the internal p-term can hold the output buffers in the 
enabled state. The corresponding pin can then be used 
as a dedicated input. If a global OE is needed, then the 
OE p-terms for all eight macrocells can be programmed 
identically. 
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The combination 
of PAL/GAL 
compatibility 
along 
with the superset 
features on the 
85C220/85C224 
/LPLDs allows more logic to be implemented in these 
devices than in standard PAL/GAL 
architectures. The 
need to stock several different PAL/GAL 
architectures 
(in multiple 
packages) is reduced 
when using the 
85C220/85C224 
architectures. 
85C220/85C224 
users 
will find that their designs outgrow their PLDs signifi- 
cantly less often than PAL/GAL 
users. 


This section provides characterization 
data for the 
85C220/85C224 that can be of great help to designer's 
working on high-speed systems. Information is present- 
ed in the following order: 


• Output Slew Rates 
• tpD Characteristics 
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Conditions: 
TA 
~ 
2S"C 
Vcc 
~ 
S.OV 
Spec. 
Load 


• teo Characteristics 
• IOL Characteristics 
• Tracking Critical Parameters over Temperature 
• Ground Bounce/Noise on Unswitched Outputs 


Output buffers for 85C220/85C224-80 devices have a 
nominal slew rate of I VIns low-to-high and 1.5 VIns 
high-to-low. At 95°C, the slew rate slows slightly to 
0.8 VIns low-to-high, and 1.2 VIns high-to-Iow. This 
slew rate is fast enough to meet the requirements of all 
data sheet specifications, but slow enough to minimize 
problems such as ground bounce and transmission line 
effects. Figures 2 through 5 show slew rates as mea- 
sured on 85C220/85C224-80 devices. 
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Conditions: 
TA = 9S"C 
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Spec. 
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ability of package power and ground leads to channel 
the additional current. Figures 6 and 7 show the rela- 
tion of tpD to the number of outputs switching for the 
8SC220 and 8SC224, 
respectively. Note that this data 


reflects 
worst 
case 
values. 
Typical 
parts 
can 
be 


I ns-2 
ns faster. This data helps designers estimate 


how much margin exists in a high-speed design. 


This section shows how propagation 
delay for the 
8SC220/8SC224 
PLDs is affected by factors that vary 


from one application to another. 


As the number of device outputs switching simulta- 
neously increases, average propagation delay through 
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Knowledge of how PLDs behave as capacitive loading 
is increased is an important consideration when design- 
ing high-speed systems. Figure 8 shows derating from 
specified values for a typical 85C220/85C224-80 
at 
high temperature. low Vcc conditions for both low-to- 
high and high-to-Iow transitions as capacitance increas- 
es. These characteristics can help designers trade off 
system margin for additional delays incurred due to 
higher capacitive loads. 


As additional p-terms for a macrocell are used, internal 
device loading causes propagation delay to increase or 
decrease slightly. Figure 9 shows this slowdown for the 
85C220/85C224-80 and -7 at room temperature condi- 
tions with 2 outputs switching. Data is shown for both 
low-to-high and high-to-Iow transitions. 
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This section shows how application-specific factors af- 
fect 
Clock-to-Output 
(tCOI) 
performance 
for 
the 
85C220/85C224 PLDs. 


tC01 Characteristics 


tCOI (clock to register output valid) is in the 1.5 ns to 
5.5 ns range for the 80 MHz device and in the 1.5 ns- 
6.5 ns range for the 66 MHz device. Figures II and 12 
show tCOI max. over temperature for the 85C220 and 
85C224, respectively. This data was taken with 8 out- 
puts switching at high temperature. For some designs, 
tCOI minimum is also a key parameter. Figures 13 and 
14show tCOI min. under worst case (fastest) conditions 
(low temperature, high VCC, I output switching, probe 
capacitance only). Figures 15 and 16 show tCOI for the 
devices with 1 to 8 outputs switching under worst case 
conditions (high temperature, low Vce). 
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Register-to-Register 
Skew 


In an ideal PLD, all registers clock simultaneously, 
with no skew between registers on the same device. In 
reality, clock signal routing and ground path differenc- 
es cause some degree of skew between register outputs, 
but this does not pose a problem for most applications. 
When the skew is too great, however, or if the timing 
requirements of the application are especially stringent, 
output skew must be considered. Due to its high-speed 
double-metal process, output skew on 85C220/85C224 
PLDs is very tight. Typical skew between fastest and 
slowest registers is shown in Table 2. 


Table 2. 85C220/85C224 Reglster-to-Register 
Skew (Average) 


O·C 
+70·C 


Device 
High to 
Low to 
High to 
Low to 
Low 
High 
Low 
High 
(ps) 
(ps) 
(ps) 
(pa) 


85C220 
120 
310 
120 
340 


85C224 
120 
280 
120 
310 


Designers should note the relationship of IOL for indi- 
vidual device outputs to the total IOL for a device when 
designing with the 85C220/84C224-80. These devices 
can sink 64 mA per device (DC) while individual out- 
puts can sink up to 12 mA of current. This is a steady- 
state current specification to prevent electromigration 
problems over the life of the device. The device maxi- 
mum can be higher than 64 mA when duty cycle is 
taken into account. For example, in an 8-bit counter 
the duty cycle of the outputs is approximately 50%. 
For this application, the device maximum is 96 mA (8 
outputs x 12 mA). 


Tracking Critical Parameters over 
Temperature 


Like all MOS devices, 85C220/85C224 devices slow 
down as the temperature increases. The difference be- 
tween low and high temperature speeds is reflected in 
the minimum and maximum numbers for many data 
sheet specifications. It is important to be aware, howev- 
er, of how these parameters track each other over tem- 
perature. 
For example, for the 85C220/85C224-80, 
some critical parameters are as follows: 
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80 MHz 
Mln 
Max 
Device Parameter 
(ns) 
(ns) 


tpD 
Propagation 
Delay 
4 
10 


tC01 
Clock to Output Valid 
1.5 
5.5 


tC02 
Clock to Output Valid 
4.5 
13 
(through 
Additional 
Combinatorial 
Output) 


A surface level reading of the data sheet might lead 
designers to conclude that tpD (Min. = 
4 ns) will 
sometimes be faster than tCOI (Max. = 5.5 ns). But in 
reality, the minimums in all three cases reflect the fast- 
est possible speed, which occurs under optimum condi- 
tions (low temperature, 5.25V, 1 output switching, light 
load). The maximums reflect the slowest speed, which 
occurs at high temperature, 4.75V, 8 outputs switching, 
30 pF load. Two of these factors, temperature and volt- 
age, will always be the same for signals generated by 
the same device. Thus the three parameters will track 
each other closely over temperature and voltage under 
similar conditions. The number of outputs switching 
will have an affect on the speed, but will not change the 
relationship significantly (refer to "tCOI vs. Number of 
Outputs Switching" earlier in this application note). 
Capacitive loading is the only factor that can change 
the way these parameters track each other. With light 
loading on tpD and extremely heavy loading on tCO\>it 
may be possible for tpD to be faster than tCOI at the 
system level. 


Knowledge of how parameters track each other over 
temperature can help the designer to make intelligent 
judgements when performing system timing analysis. 


Ground Bounce/Noise 
on 
Unswitched Outputs 


As the performance of CMOS PLDs continues to in- 
crease, more attention must be paid to noise control. 
One of the most common noise problems is supply line 
noise. Supply line noise, often called ground bounce, 
can be a serious problem because high noise levels can 
affect the logical behavior of a circuit. A ground- 
bounce related problem often manifests itself in subtle 
ways, which makes debug diffcult. Noise problems are 
exacerbated by the fact that they are often intermittent. 
For example, depending on the number of outputs 
switching, an unswitched 
output 
might glitch high 
enough to create a false clock to a subsequent logic 
circuit or to cause memory or I/O devices to be dese- 
lected for a brief time, which can affect the integrity of 
data transfers. 
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The fundamental cause of ground bounce is switching 
loaded output pins very quickly. Outputs are normally 
capacitively loaded, and there is always intrinsic induc- 
tance in device bond wires and package lead frames. 
The resulting structure is a classic LC circuit, as shown 
in Figure 17. Charging or discharging the circuit cre- 
ates a damped oscillation. The magnitude, frequency, 
and duration of the oscillation are determined by the 
component values that make up the circuit. 


VOUT in Figure 17 is normally between 3V and 5V. 
Switching time (Ts) is in the range of 2 ns-4 ns. Load 
capacitance (CL) is in the 30 pF-lOO pF range. Induc- 
tance depends on the package design and materials, and 
is typically in the 7 nH - 25 nH range. Based on these 
conditions, it is easy to see that ground bounce (VG) 
can be a problem. Ground bounce further increases as 
more outputs switch simultaneously. In actual practice, 
the noise levels are less than the simple analysis shown 
in Figure 17 suggests. This is due to the self limiting 
nature of the output drivers. As the ground noise caus- 
es the local (internal) ground to rise, the drive of the 
device is reduced, which in turn reduces d/dt. 


Figure 18 shows the test setup for measurements. Mea- 
surements were made on 85C220-80 devices with 7 out- 
puts switching simultaneously and the remaining out- 
put held high or low. The noise generated on the static 
output by the 7 outputs switching was then measured 
and recorded (worst case noise condition for a static 
output). All outputs have 22 pF of capacitance (> 30 
pF with scope probe), a 220n resistor to ground, and 
330n resistor to Vcc. Decoupling is implemented with 
a 4.7 JLF and a multi-layer 0.1 JLF (ceramic) capacitor. 


For more information on measuring ground bounce, 
see AP-354, Guide to the PLD Parametric Test Unit. 


Figure 19 shows waveforms for the devices with 7 out- 
puts switching. The unswitched outputs are held low. 


Waveforms are shown for the 85C220-80 (10 ns), 
l6V8A-1O, l6L8-1O, and l6L8-7 in Plastic DIP. An 
85C220-80 and l6V8A-1O PLCC comparison is shown. 
in Figure 20. Table 3 shows the relative inductance of 
the different packages. 


The values shown represent a lumped load. In an actual 
system, the distributed 
load will reduce the values 
slightly. 


Table 3. Package 
vs. Typical 
Inductance 


Package 
Type 
Typical 
Inductance 


Plastic DIP 
11 nH 
(with Copper 
Leadframe) 


PLCC 
6nH 


TRANSMISSION 
LINE EFFECTS! 
NOISE ON SWITCHED 
OUTPUTS 


Although a thorough discussion of transmission line 
effects is beyond the scope of the application note, a few 
key points will be discussed. Transmission line effects, 
like ground bounce, is a slew rate related noise issue. 
While ground bounce is noise on unswitched outputs, 
transmission line effects is noise on switched outputs. 


In order to minimize transmission line effects, an engi- 
neer could use common termination 
techniques de- 
scribed in many system design guides. Adding termina- 
tions does have drawbacks of: 


Increased board space 
Increased cost 
Increased current consumption 
Increased heat 


The alternative solution to terminations, is to use devic- 
es with longer transition 
times (voltage swing/slew 
rate); this will allow for more traces to be driven with- 
out termination, saving board space and current con- 
sumption, while reducing heat and maintaining time to 
market and cost advantages. As seen in the ground 
bounce section, Intel microPLDs 
are designed with 


slow edge rates to decrease noise problem. To get a 
relative measure of transmission line effects, the ground 
bounce figures (Figure 19 and 20) can be used (in gen- 


eral, the lower the ground bounce, the further a trace is 
driven). The figures show that Intel programmable log- 
ic devices have low ground bounce which translates 
into being able to drive a trace further before consider- 
ing transmission line effects. 


Althol.\gh the Parametric Test Unit does not measure 
transmission line effects directly, the ground bounce 
number can be used as a relative measure of these ef- 
fects. 


(SAlolE LOADING 
ON ALL OUTPUTS 


PINS 12-19) 


SIGNAL 
GENERATOR 
0-3V 


DECOUPLING 


'7 
FI 
IO.1).'F 
"·).'II CERAlollC 


85C220·80 
PDIP 


Ground 
Bounce 
on Unswitched 


Output = 1.38V 
(7 Outputs 
Switching) 
rv "- 
I""- 


-- 
V 


1.38V 


11\ .J..,.J \ - 
'\ ..- 


16L8·10 PDIP 
Ground 
Bounce 
on Unswitched 
Output = 1.06V 


(7 Outputs 
Switching) 


('V"- 
'"'" 


~ - 
V 


1.06V 


IA~ 
11.. ,- 


PIN 19 
UNSWITCHED 
OUTPUT 


292073-20 


PIN 19 
UNSWITCHED 
OUTPUT 


292073-22 


16V8A-10 
PDIP 
Ground 
Bounce 
on Unswitched 
Output = 1.82V 
(7 Outputs 
Switching) 


1\ '\r 
1\1rv- 


-- 
•...... 


v 


1.82V 
.• 
1\ 
J 
'\ 


16L8-7 PDIP 
Ground 
Bounce 
on Unswitched 
Output = 1.26V 
(7 Outputs 
Switching) 
"- 
f'. 


-- 


1/1" 


\I 


1.26V 


I\~ 
\A 
1\ IrJ 


85C220·80 
PLCC 


Ground 
Bounce 
on Unswitched 


Output 
~ 
1.16V 
(7 Outputs 
Switching) 


f \. 
\ 


,I 


1.16V 
f\ 
1\ 
\ - 
'1 
V 
" 


PIN 19 
UNSWITCHED 
OUTPUT 


292073-24 


16V8A-10 
PLCC 
Ground 
Bounce 
on Unswitched 
Output 
= 1.40 


(7 Outputs 
Switching) 


f\ M 
f\fV' 


'" 
'" 


1- 
~ 
v 
V 


.1.40V 
• 
fI,L nw 
If I 


WI' 
IV 


PIN 19 
UNSWITCHED 
OUTPUT 


292073-21 


PIN 19 
UNSWITCHED 
OUTPUT 


292073-23 


PIN 19 
UNSWITCHED 
OUTPUT 


292073-25 


• 


Design Considerations 


High-performance CMOS devices such as the 85C220/ 
85C224 are capable of driving large loads at fast edge 
rates. This capability means that noise control must be 
an important consideration during system design. Mul- 
ti-layer PC boards utilizing ground and power planes 
provide low resistance and low inductance connections 
between the power sources and devices. 


System noise control also requires good decoupling ca- 
pacitance. Boards with power and ground planes but no 
decoupling capacitors can still have noise problems. 
High speed transients of devices may demand up to 
500 mA of current, which can result in a volt or more 
of switching noise on the local supply lines. Decoupling 
capacitors can help prevent this performance degrada- 
tion by providing a local power source during output 
transitions. With the addition of decoupling capacitors, 
it is possible to reduce the local supply noise to 200 mV 
or less. 


Capacitor selection is important 
for this application 
since the frequencies involved in high-speed systems 
can exceed 100 MHz. High-frequency capacitors are 
necessary. The capacitors should provide low series in- 
ductance; leadless chip caps are the best choice, with 
short leaded capacitors 
as a more available second 
choice. The equivalent circuit for a capacitor is a series 
resonant circuit. If the inductive element in the capaci- 
tor is too high, the capacitor will appear inductive at 
high frequencies. 


The unswitched output data shown in the previous fig- 
ures provides a look at the noise level external to the 
device. Assuming that intelligent design practices have 
been followed to manage noise on the supply lines out- 
side the device, internal noise should still be considered. 
The internal noise generated during switching tran- 
sients is caused by output 
buffer design, package 
design, and output loading. Some suggestions for reduc- 
ing noise are as follows: 


• Select a low-inductance package such as PLCC. 
• Reduce the output loading. 
• Reduce the number of simultaneously 
switching 
outputs. 


• Limit the voltage swing to OV-3V by terminating 
outputs with resistors to ground. 


Designing high-speed P.C. boards requires closer atten- 
tion to design issues that are not as important for slow- 
er systems. These elements include: 


• Termination of transmission lines 
• Clock signal routing 
• Power distribution and heat dissipation 


These topics exceed the scope of the application note. A 
discussion of them can be found in the "Design and 
Debugging" chapters of Intel's microprocessor hard- 
ware reference manuals. For example, refer to Chapter 
11 of the Intel386™ DX Hardware Reference Manual, 
Order Number: 231732-004. 


Metastability characteristics for PLDs are determined 
largely by the semiconductor process used in manufac- 
turing the device. The Intel 85C220-80 and 85C224-80 
/LPLDs are fabricated on a superior 1.0 micron CMOS 
process that exhibits excellent metastability characteris- 
tics when compared to other processes. 


Edge-triggered registers inevitably enter a metastable 
state when driven by data asynchronous to the register 
clock. Register resolution time is the time it takes for a 
register to resolve from this metastable state to a valid 
high or low. The 85C220/85C224 recover quickly from 
metastable states. Figure 21 shows register resolution 
time of the 85C220-80, along with comparative data on 
the l6V8A-IO, l6R6-7, and l6R8-1O devices. These re- 
sults are plotted in terms of Mean Time Before Failure 
(in years) vs. additional clock-to-output delay (in ns) 
for the clock and data rates shown. Note that the 
85C220 performs much better than the bipolar devices, 
and is comparable to the l6V8A. 


An example of how metastability affects system design 
is shown when trying to determine the maximum fre- 
quency possible for single-stage synchronization. In this 
situation, the register resolution time is combined with 
the maximum set-up and clock-to-output times for the 
device. The total is then used to determine both the 
maximum clock speed and the margins at lower speeds. 
Figure 22 shows maximum clock frequency for 100 
year MTBF. The data rate is assumed to be 33% of the 
clock rate. Note that the 85C220 is the only PLD solu- 
tion that provides margin at 50 MHz and that it pro- 
vides higher margin than other devices at lower fre- 
quencies. 


For a complete description of metastability characteris- 
tics and the methods used to obtain this information, 
refer to A-336, Metastability Characteristics of Intel 
PLDs, Order Number, 292071-001. 


Many thanks to Gary Beckner, John Casey, Duane 
Chinnow, Liliyas Koumis, Ron Swartz, Mike Allen, 
Chris Wawro, Daria Wirtz, Joe Salmon and Lisa En- 
dres, for providing technical data and/or direction for 
this application note. 
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For years, designers have grown to depend on Pro- 
grammable Logic Devices (PLDs) for low cost, high 
performance implementation of random logic and in- 
terface circuits. The combination of low cost, high per- 
formance, flexibility, and programming/development 
support make PLDs very attractive to both designers 
and design managers. 


Intel's Programmable Logic Devices (PLDs) meet to- 
day's system requirements, as well as map the path to 
the needs of next generation's products. Intel PLDs 
provide the high-speed CMOS logic solution required 
by current and future microprocessors and VLSI pe- 
ripherals. 


The Intel PLD22VlO is a low cost, high-speed, low- 
power upgrade from PAL and GAL devices. Pin- and 
JEDEC-compatibility 
with industry standard 22VlOs 
make the iPLD22VlO a drop-in upgrade requiring NO 
additional engineering effort. 


The 85C22VlO PLD provides all the same features as 
the iPLD22VIO. In addition, the 85C22VIO's enhanced 
macrocell architecture 
gives the designer a greater 
range of feedback and clock options without sacrificing 
pin- and JEDEC-compatibility 
with industry standard 
22VlO parts. The 85C22VlO may be programmed as a 
standard 
22VlO device by using a standard 
22VlO 
JEDEC 
file. Optional superset 
features are accessed 
through an extended JEDEC file compiled by popular 
design tools such as ABEL and CUPL, or through In- 
tel's PLDshell Plus. 


This design guide provides technical support for design- 
ers, design managers, and others interested in using In- 


intel~ 


tel's PLD22VlO and 85C22VlO PLDs. The informa- 
tion contained in this document is intended to support 
both the decision making process prior to design and 
the qualification process that occurs during and after 
the design is complete. The format of the design guide 
is as follows: 


Section 2-Product Overview: Highlights and architec- 
ture of the iPLD22VlO and the 85C22VlO PLDs. 


Section 3-Specification Analysis: The key D.C. and 
A.C. specs (from the data sheet) are discussed and com- 
pared against competitive devices. This section provides 
a baseline for comparison and device selection. Also, 
some insights are provided on how to best use the data 
sheet specifications. 


Section 4-Advanced Design Issues: This section dis- 
cusses issues affecting high-speed 
systems 
designs. 


Topics include output slew rates, effects of capacitive 
loading on outputs, 
and synchronous/asynchronous 


register operation. 


Section 5-Design Examples: 
Design ideas using the 


unique performance and architecture 
combination of 


the Intel 85C22VlO are presented. 


The 22VlO architecture is one of several industry stan- 
dard PLD architectures. 
While bipolar implementa- 
tions of this architecture have worked well in the past, 
the speed and power consumption requirements of to- 
day's applications are beyond the limitations of bipolar 
devices. Intel's 
iPLD22VlO 
and 
85C22VlO PLDs, 


based on CHMOS HIE technology, meet the power 
and speed requirements of today's high-speed systems 
while maintaining pin- and JEDEC-compatibility 
with 
standard 22VlO devices. 


Related 
Document 
Listing 


Document 
Order Number 
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85C22V10 
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PLD Quality and Reliability 
Data Summary 
293003 
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The iPLD22VlO and 85C22VlO are high-performance, 
high-integration, 
general-purpose CMOS PLDs. The 
features provided by these devices include: 


• High Speed Operation (tPD = 10 ns, tCOI = 7 ns, 
95.2 MHz State Machine Frequency, 100 MHz with 
No Feedback) 


• Typical Ice 
= 90 mA @ 15 MHz 
• 
10 Programmable Macrocells (I/O Pins) 


• EPROM Cell, CMOS Technology 
• 100% Silicon Testability 
• 24-pin DIP, 28-pin PLCC Packages 
• Programmable Security Bit 


• 
Superset 
Clock and Feedback Features (85C22VlO) 


Figure I shows the pinouts of the DIP and PLCC pack- 
ages for the iPLD22VlO and 85C22VlO PLDs. Both 
the iPLD22VlO and the 85C22VlO are available in a 
plastic One-Time-Programmable 
(OTP) DIP package 
and in a plastic OTP PLCC package. In addition, the 
85C22VlO is available in a UV erasable/reprogramma- 
ble Ceramic DIP package. 


The 
high 
performance 
of 
the 
iPLD22VlO 
and 
85C22VlO is a result of combining an industry-stan- 
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dard 
architecture 
with 
Intel's 
advanced 
I-micron 
CHMOS IIIE EPROM 
technology. This technology 


brings high speed and significant power savings to a 
well known architecture. 


The CHMOS IIIE EPROM 
technology used in the 
iPLD22VlO and 85C22VlO allows complete testability 
of every part Intel produces. At the wafer level, all de- 
vice programmable elements are programmed and test- 
ed, and all data paths are 100% tested. The device is 
then completely erased. Once the device is packaged, 
special manufacturing test modes are utilized to ensure 
post packaging device functionality and performance. 
Intel's rigorous test procedures ensure high yields for 
our customers, and high reliability for their customers. 


Figure 2 shows the global architecture for both devices. 
The iPLD22VlO and 85C22VlO feature 12 dedicated 
input pins (including CLK/INPO) 
and 10 I/O pins. 


Each of the I/O pins is associated with a macrocell. All 
inputs and feedback signals and their compliments are 
available to all product (AND) terms. The product 
terms are summed by a single OR-gate, thus forming an 
AND-OR logic array. The sum-of-products (SOP) is 
fed into the macrocell. Each macrocell is fed by a maxi- 
mum of from 8 to 16 product terms, depending on the 
position of the particular macrocell. 
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The iPLD22VlO and 85C22VlO registers may be syn- 
chronously set and asynchronously reset on a global 
basis. The synchronous preset signal (SP) is determined 
for all macrocells by a single global p-term that is sepa- 
rate from macrocell sum-of-products (SOP). Mter SP is 
asserted, the next clock transition that triggers the mac- 
roce11registers will cause the Q outputs to be set to 
logic HI. Note that if post-register inversion is pro- 
grammed (active-low output), the macrocell's pin will 
be set to a logic LOW. 


The asynchronous 
reset signal (AR) is also derived 
from a single independent global p-term. Macrocell reg- 
isters are reset by AR asynchronously with respect to 
the device clock. If post-register 
inversion is pro- 
grammed (active-low output), the macrocell's pin will 
be reset to a logic HI. For details on timing parameters 
that relate to preset and reset, please refer to A.C. Spec- 
ifications. 


Figure 
3 shows the macrocell architecture 
for the 


iPLD22VlO. The architecture allows registered or com- 
binatorial logic with active-high or active-low output. 
Note that in the iPLD22VlO, the output type deter- 
mines the feedback type (if any feedback is used): regis- 
tered output dictates registered feedback, and combina- 
torial output dictates pin feedback. Also, because out- 
puts may be programmed as either active-high or ac- 
tive-low on a macrocell-by-macrocell basis, the polarity 
or "sense" of the output pin associated with a macrocell 
register is independent of the register itself. Table 1 lists 
the output configurations for the iPLD22VlO. 


51 
50 
Output/Polarity 
Feedback 


0 
0 
Registered/ 
Active Low 
Registered 
0 
1 
Registered/ 
Active High 
Registered 
1 
0 
Combinatorial/ 
Active 
Low 
Pin 
1 
1 
Combinatorial! 
Active High 
Pin 


The Clock (CLK) input for macrocell registers comes 
from PIN I. If a CLK signal is not needed, i.e. if all 
outputs are combinatorial, PIN I may be used as an- 
other generic input to the logic array. Output Enable 
(OE) for each macrocell is controlled by a single p-term 
in the logic array. This p-term is not taken from the 
product terms that feed the macrocell (as is the case in 
traditional PAL devices), so there is no penalty for us- 
ing the OE p-term. OE for each macrocell is indepen- 
dent and asynchronous. 


The 85C22VlO macrocell architecture is shown in Fig- 
ure 4. This is an enhanced version of the iPLD22VlO 
macrocell. Note the additions to the clock and feedback 
selection sections. The addition of the XOR gate at the 
clock input to the macrocell flip-flop allows the clock 
to be inverted. 
When this feature is programmed, the 
macrocell flip-flop will latch at the falling edge of the 
CLK input, rather than the rising edge. This gives the 
system designer greater flexibility to determine clock 
timing for each macrocell. 
• 


~ILK 
CLOCK 
<!D 
INVERT 


intel~ 


so, 
• 
OUTPUT 
SELECT 
• 
SI : 


The other addition to this macrocell is the S2 switch in 
the feedback selection. The effect of S2 is clearly seen in 
Table 2. All combinations of output and feedback can 
now be supported. This opens up the possibility of us- 
ing the macrocell pins as true I/O ports. For instance, a 
bi-directional register can now be implemented on a 
single 85C22VlO. The 85C22VlO also allows a combi- 
natorial signal to drive a macrocell pin while a regis- 
tered version of that signal is fed back into the device. 
See Design Example 2. 


52 51 50 
Output/Polarity 
Feedback 


0 
0 
0 
Registered/Active 
Low 
Registered 
0 
0 
1 
Registered/ 
Active High 
Registered 
0 
1 
0 
Combinatorial/Active 
Low 
Pin 
0 
1 
1 
Combinatorial/Active 
High 
Pin 
1 
0 
0 
Registered/ 
Active Low" 
Pin 
1 
0 
1 
Registered/Active 
High" 
Pin 
1 
1 
0 
Combinatorial/Active 
Low' 
Registered 
1 
1 
1 
Combinatorial/ 
Active High' 
Registered 


NOTES: 
-Not availableon the 22Vl0 or 22VP10. 
--Not availableon the 22Vl0. 


If none of the 85C22VlO's superset features are pro- 
grammed, they default to standard 22VlO states, thus 
maintaining JEDEC compatibility with 22VlO devices. 
See Section 
5 for 
Design 
Examples 
utilizing 
the 
85C22VIO superset features. 


This section is intended to expand on some of the data 
sheet details. Those qualities that the specifications 
characterize are interpreted. 


Typical data taken from in-circuit applications is pre- 
sented in Section 4, Advanced Design Issues. 


D.C. characteristics describe the steady-state behavior 
of a device. These specs provide 
insight into the 


iPLD22VIO/85C22VlO's 
power 
consumption 
and 
compatibility with other devices. The areas covered in- 
clude input and output voltage and current levels, and 
supply current demands. 


The input voltage levels, VIH and VIL, show that the 
iPLD22VlO and 85C22VlO can be driven by standard 
TTL 
or CMOS logic components, 
so the designer 
doesn't need to worry about mixing logic families- 
even though the iPLD22VlO and 85C22VlO are CMOS 
PLDs. 
The 
VOH and 
VOL specs show 
that 
the 
iPLD22VlO and 85C22VlO can drive TTL loads over 
the specified test conditions. CMOS loads are capaci- 
tive in nature and do not require much current (typical- 
ly measured in floA),so fanout to other CMOS devices 
is seldom a problem. 


The best measure of a device's ability to handle loads is 
IOL. Most devices can "sink" more current than they 
can "source", so IOL is usually quoted in connection 
with load driving ability. The data sheet test condition 
for VOLshows that the iPLD22VlO and 85C22VIO are 
guaranteed to handle 16 mA loads while maintaining 
the output voltage at or below O.45V. 


IOH is generally specified at minimum voltage-high 
output, VOH. The iPLD22VlO and 85C22VlO outputs 
are guaranteed to supply -4 
mA at a minimum of 
2.4V. This is information applicable for driving TTL 
loads, but CMOS devices will consume less current in- 
ternally if their inputs are driven closer to Vee. For 
this reason, Intel PLD22VlO and 85C22VlO PLDs 
have a built-in pullup circuit to drive their outputs to 
near Vee, and are specified to provide a minimum of 
-100 p.A for Vo = Vee - 
O.3V.Refer to Figure 14 
for typical 10 vs V0 data. 


The D.C. specification of greatest interest to most de- 
signers is Ice. This value not only specifies how much 
current the device will require, but also indicates how 
much heat (watts) the device will dissipate. For this 
reason, the Ice specification will affect both the power 
supply requirements and the board reliability. Ice 
is 
measured with the device unloaded, so the value indi- 
cates how much current the device itself requires. 


Ice is specified at 15 MHz, but because CMOS devices 
consume most of their power during transitions, Ice 
varies with the frequency of the clock and other inputs. 
For more precise current/power calculations see Figure 
5: Typical Ice vs Frequency for a lO-bit counter. 
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Figure 5. iPLD22V10/85C22V10-10 
lee vs 
Frequency 


The A.C specifications describe the guaranteed switch- 
ing frequ~ncies and timing properties of the device. In 
this section, the meanings of data sheet quantities are 
clarified, and comparisons are made with competitive 
parts. 


Timing for combinatorial functions is determined by 
the total pin-to-pin propagation delay and the output 
enable/disable times tpD, tpzx a~d tpxz. 
tpD is the 
delay between the time that valid data is present on an 
input pin, and the time that the effect of that input data 
is seen at an output pin. tpD is measured with output 
enable asserted; it does not include tpzx or tpxz. Fig- 
ure 6 shows tpD, tpzx and tpxz in the form of a timing 
diagram. 
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Registered output requires that valid data be present at 
the register's data input before the register is clocked. 
The user of a device ensures that this condition is met 
by adhering to the setup time, tsu. The setup time de- 
termines how long before the clock edge arrives at the 
CLK pin that valid data must already be at the input 
pin(s). 


The time between the arrival of the clock edge at the 
eLK pin and valid data being present at the output pin 
is teOI' The minimum time needed to affect a valid 
registered output is then tsu + teOI. If the device is 
configured as a counter using external feedback from a 
macrocell output pin to an input pin, the maximum 
frequency with which it can be clocked is FeNTI 
l/(tsu 
+ teOl)' 
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Logic 
rteorl 
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OUT- 
ers are no longer 
in the data 
path. 
Propagation 
time is 
decreased, 
and 
the maximum 
counter 
frequency 
is in- 


creased 
to FCNn. 
Figure 
7 provides 
an overview 
of 
both FCNT values. 


The device 
may be used to output 
a registered 
sum of 
products 
without 
feedback. 
In this case, the maximum 
clock frequency 
is limited 
by the minimum 
clock peri- 
od: fMAX = 
IItcP' 


The Synchronous 
Preset 
(SP) signal is derived 
from a 
single independent 
p-term. 
To insure 
predictable 
preset 
results, 
the designer 
will make 
sure 
that 
SP will meet 
the 
Synchronous 
Preset 
to CLK t 
Setup 
Time, 
tsP, 


before a clock edge is applied 
to the CLK 
pin to trigger 
a global register 
preset. 
In the case of the iPLD22VlO, 


all registers 
are triggered 
by a low-ta-high 
clock 
tran- 


SltlOn, ana 
tsp IS measured 
from that 
transition. 
How- 


ever, in the case of the 85C22VlO, 
the sense of the CLK 


signal can be selected 
for each macrocell 
on an individ- 


ual basis. 
The astute 
designer 
will see that 
this 
raises 


the possibility 
of synchronously 
presetting 
a subset 
of 


the registers 
on the device. 


For example, 
consider 
two state machines 
implemented 


on the same 85C22VIO. 
The first state machine's 
regis- 


ters are programmed 
to respond 
to a low-to-high 
clock 


transition 
at the CLK 
pin, while the second 
state 
ma- 


chine's 
registers 
are programmed 
to respond 
to the in- 


verted high-to-low 
clock transition. 
If SP is asserted 
tsp 


before a low-to-high 
clock transition, 
then the first state 


machine 
will be preset. 
But if SP is unasserted 
tsu 
be- 


fore the high-to-low 
clock 
transition, 
the second 
state 


machine 
will NOT 
be preset. 
In a similar 
fashion, 
the 


second 
state 
machine 
may be preset 
without 
affecting 


the first. A timing 
diagram 
of this superset capability 
is 


presented 
in Figure 
8. 
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Figure 
7. FCNT Overview 
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The Asynchronous Reset (AR) signal is also determined 
by a single global p-term. However, because this is an 
asynchronous 
signal, no setup time with respect to 
CLK i is required. The time that elapses between the 
assertion of the reset condition and the time that the 
actual reset occurs at the output pin is tCLR. 


Asynchronous Reset Recovery time, tARR, is the maxi- 
mum amount of time required for macrocell registers to 
begin correctly responding to CLK after AR is re- 
moved. No minimum recovery time is specified. To in- 
sure predictable results, AR should be removed (unas- 
serted) at least tARR before the next active clock edge 
appears at the CLK input. Other approaches 
here 
might be to disable outputs or hold inputs constant un- 
til tARR after AR is removed. Since tARR is a setup 
time with respect to CLK, it is given as a synchronous 
specification. On the other hand, tCLRdoes not depend 
on CLK, so it is included in the combinatorial specifi- 
cations. 


As end users demand higher speeds and time to market 
becomes more critical, designers require more detailed 
information than is typically available in the data sheet. 
The purpose of this section is to provide designers with 
data that characterizes the effects of loading, tempera- 
ture, and internal resource utilization on device per- 
formance. This data is intended to help support engi- 
neering decisions in all phases of product development, 
from design to production. 


Data were measured with the output load specified in 
the 85C22VIO data sheet unless otherwise specified. 
The topics covered in this section are: 


• Output Slew Rates 
• tpD Characteristics for Combinational Logic 
• Output Skew Characteristics for Synchronous Reg- 
ister Operation 
• Asynchronous Register Operation Characteristics 
• Output Current Characteristics 
• Design Considerations 


The output buffers in the iPLD22VlO and 85C22VlO 
are designed to reduce transmission line effects through 
controlling output slew rates. Rapid voltages changes 
contain high-frequency components that can produce 
unwanted transmission 
line effects on circuit board 
traces. Possible effects include ringing, dispersion, and 
radiation losses. Overcoming these effects can be time 
consuming 
and 
expensive. 
The 
iPLD22VlO 
and 
85C22VIO output buffer design limits transmission line 
effects through providing low output slew rates. These 
low slew rates contain fewer of the high-frequency sig- 
nal components that give board designers headaches. 


Figure 9 provides sample iPLD22VIO/85C22VIO out- 
put waveforms expanded to highlight slew rate. Tables 
3 and 4 show that the slew rate is very consistent with 
respect to both temperature 
and number of outputs 
switching, though the slew rate does decrease slightly 
as temperature or the number of switching outputs in- 
creases. 


The consistent, slow edge rates provided by the Intel 
PLD22VlO and 85C22VlO allow the designer to use 
the full capabilities of these devices without having to 
worry about transmission line effects. 
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Figure 9a. Output Slew Rate, L ~ 
H Transition 
(PDIP, 10 Outputs Switching, Vcc = 5V, 
Temp = 25°C, Spec. Load) 
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Figure 9b. Output Slew Rate, H ~ 
L Transition 
(PDIP, 10 Outputs Switching, Vcc = 5V, 
Temp = 25°C, Spec. Load) 


Table 3. Output Slew Rate vs Temperature 


Transition 
Package 
Temperature 
Slew Rate 
Type 
eC) 
(V/ns) 
L~H 
PDIP 
0 
0.72 


PDIP 
25 
0.72 


PDIP 
70 
0.70 


PLCC 
0 
0.56 


PLCC 
25 
0.59 


PLCC 
70 
0.53 
H~L 
PDIP 
0 
0.67 


PDIP 
25 
0.67 


PDIP 
70 
0.62 


PLCC 
a 
0.87 


PLCC 
25 
0.80 


PLCC 
70 
0.77 


TEST 
CONDITIONS: 
Vcc 
= 5V, 10 Outputs Switching, Spec. Load. 


Table 4. Output Slew Rate vs 
Number of Switching Outputs 


Transition 
Package 
No. of Outputs 
Slew Rate 
Type 
Switching 
(V/ns) 


L~H 
PDIP 
2 
0.83 


PDIP 
4 
0.83 


PDIP 
6 
0.78 


PDIP 
8 
0.75 


PDIP 
10 
0.59 


PLCC 
2 
0.71 


PLCC 
4 
0.56 


PLCC 
6 
0.59 


PLCC 
8 
0.60 


PLCC 
10 
0.59 


H~L 
PDIP 
2 
0.88 


PDIP 
4 
0.78 


PDIP 
6 
0.75 


PDIP 
8 
0.70 


PDIP 
10 
0.67 


PLCC 
2 
1.17 


PLCC 
4 
1.0 


PLCC 
6 
1.0 


PLCC 
8 
1.0 


PLCC 
10 
0.80 


TEST 
CONDITIONS: 
Vcc 
= 5V, Temp = 25'C, Spec. Load. 


The 
rapid 
current 
changes 
that 
occur 
inside 
all high- 


speed 
logic 
devices 
during 
normal 
state 
transitions 


cause short-term 
voltage changes, 
or "glitches", 
on pins 


that are not changing 
state. This phenomenon 
is called 


ground 
bounce. Ground 
bounce 
is typically 
seen during 


the rising or falling edges of a state change, 
where inter- 


nal currents 
must change 
most rapidly. 


Table 5 shows typical ground 
bounce 
levels for the Intel 


iPL022VlO 
and 85C22VlO 
PLOs 
compared 
to several 


competing 
parts. 
Data 
presented 
in Table 
5 was taken 


using 
the 
load 
specified 
in "EON's 
advanced 
CMOS 


logic ground-bounce 
tests", 
EON, 
March 
2, 1989. 


The low ground 
bounce 
levels of the Intel PLOs 
guard 


against 
glitch 
problems 
in high-performance 
systems, 


and 
free 
high-performance 
designers 
from 
a 
major 


headache. 


The Intel iPL022VlO 
and 85C22VlO 
PLOs 
in the plas- 
tic 
PLCC 
package 
provide 
the 
option 
of additional 


ground 
and Vcc connections. 
Table 
6 shows the effect 


of using these additional 
connections. 
While 
the use of 


these 
pins is not required 
for normal 
specified 
opera- 


tion, connecting 
these pins produces 
a positive 
effect on 


ground 
bounce 
and glitch 
immunity. 


intel~ 


Intel 
AMD 
lattice 
Cypress 
ICT 
85C22V10 
PALCE22V10 
GAL22V10 
PAL22V10 
PEEL22V10 


Package 
PDIP 
PDIP 
PDIP 
PDIP 
PDIP 


Pk to Pk 
1.40V 
1.4aV 
1.a4V 
1.40V 
1.56V 


Peak 
o.aoov 
O.92V 
1.04V 
O.76V 
O.92V 


TEST 
CONDITIONS: 


Vcc = SV,Temperature 
= 2S'C, EDN Load. 


Intel 
Intel 
85C22V10 
85C22V10 


Package 
PLCC 
PLCC 
Connections 
Pins 1, B, 15,22 
Pins 1, a, 15, 22 
Open (NC) 
Connected 


Pk to Pk 
1.4aV 
1.32V 


Peak 
O.BaV 
O.6BV 


TEST 
CONDITIONS: 


Vcc = SV, Temperature 
= 2S'C, Spec Load. 


loading causes the propagation 
delay to increase or de- 


crease slightly. 


The maximum 
propagation 
delay (tPD) specified in the 


data sheet for -10 devices is 10 ns. This is guaranteed 
for worst-case 
voltage 
and temperature 
while driving 


the spec load. Factors 
that 
effect typical 
tpD include 


the number 
p-terms 
in the data 
path, 
the number 
of 


outputs 
switching 
simultaneously, 
and 
load 
capaci- 


tance. 


Figure 
II shows the relation 
of tpD to number 
of out- 


puts 
switching. 
As 
the-number 
of outputs 
simulta- 


neously switching increases, tpD also increases. This ef- 
fect is related 
to the ability of the package 
power and 


ground 
leads to channel 
additional 
current 
to the de- 


vice. 


Figure 
10 shows typical tpD vs p-terms characteristics. 
As the number 
of p-terms 
increases, 
internal 
device 


I 


1· 
L->H, 
INVERTEO 
OUTPUTfE 
I' ..... 
H->L, 
INVERTOUT 
OUTPUT 
- 
- 
- 
- 
L->H, 
STO 
OUTPUT 
1- .- 
H->L, 
STO 
OUTPUT 
~~ , ~ --- 
'" 
'" 
- ------ 
------ ------ 
- -- 
.-~. 
.--' 
.:~ 
f-& 
• 
-•..•...•..•. ; . .: ...:. 


~ 
Temp = 25°C 
VCC = S.OV 
f--- 
C;:=SOpF 


•• 
7 
-5 
.t 
6 


• 


intel~ 


10.0 


9.5 


9.0 
~ 
8.5 
.. 
-5 


0 
8.0 
~ 
7.5 


7.0 


6.5 


Temp = looe 
_ 
Vcc=5.0V 
s: = 50 pF 
Spec. 
Load 


----- 
---- --- 
--- 
- ---- 
1'- ___ ~~:~ ~ 
--- --- 
-- --- 


Figure l2a is the data sheet derating curve for tpD as a 
function of load capacitance. A large load capacitance 
will require a long time to charge up to an acceptable 
voltage level, and thus increase tpD. Typical values for 
tpD taken over a range of load capacitances are shown 


in Figure l2b. The typical value for tpD at 160 pF load 
capacitance is approximately 10.5 ns. Since tpD is spec- 
ified to be 10 ns max with a load capacitance of 50 pF, 
this represents a derating of 0.5 ns. This is well within 
the 3.5 ns maximum derating specified in Figure l2a. 
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The time that elapses between the appearance of an 
active clock transition at the CLK pin and the effect of 
that transition on data at an output pin is tCOI. Intel 
PLDs are compensated to reduce the effect of tempera- 
ture on performance. A tCOI Derating vs Temperature 
curve is included in the datasheet. 


tCOI skew is the difference in timing of one output pin 
with respect to another. This phenomenon is a result of 
different internal path lengths from the CLK pin to the 
various macrocells. Note that only minimum and maxi- 
mum values are specified for tCOI. No values for skew 
are quoted in the datasheet. Figure 13 shows typical 
tCOI skew measurements for different temperatures. 
The greatest measured skew was well under I ns for 
L -. 
H transitions. 
The largest measured variation 
with respect to temperature was under 0.6 ns in the 
case of H -. 
L transitions. 


A look at the 85C22VIO datasheet shows that the speci- 
fied tCOI ranges are identical for standard CLK and 


optional 
inverted 
CLK. 
The 
architecture 
of 
the 


85C22VIO macrocell reveals that the CLK signal pass- 
es through the XOR clock inversion gate whether or 
not clock inversion is used. Thus, programming the in- 
verted clock superset feature introduces no speed penal- 
ty. 


The ability of a device to drive a load is directly reflect- 
ed by 10. Obviously, output current depends on the 
nature of the load, so only the short-circuit current, 
Isc, appears in the data sheet. Figure 14 gives greater 
insight into the output 
current 
capabilities 
of the 


iPLD22VIO and 85C22VIO. This graph shows output 
current as a function of load voltage for both output- 
high and output-low conditions. Notice that in this 
graph, the polarity of the current is ignored. For the 
output-low condition (lod, positive conventional cur- 
rent is flowing into the device: the device is sinking 
current. For output-high condition (IOH), current is • 
flowing out of the device: the device is sourcing current. 
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The best indication of a device's power consumption is 
Ice. One of the limitations of older bipolar devices is 
their high current consumption that requires a large 
power supply and overheats system circuit boards. 
Higher system temperatures reduce system reliability 
and performance to design margins. A major advantage 
of Intel's CHMOS lIIE technology is low current con- 
sumption, and the minimal power dissipation that goes 
with it. Table 7 compares 
Intel's 
iPLD22VIO and 
85C22VI0 PLDs to competitive parts. 


"Metastable" may be defined as the condition of a bi- 
stable system before it has entered one of its stable 
states. Metastability may be perceived as oscillation or 
"hovering" between stable states for a short period of 
time before the system resolves into a stable state. Me- 
tastability may be introduced into a logic system by 
violating timing or voltage parameters laid out in data 
sheets, but it may also appear as a result of random 
noise, ambient conditions, or other conditions beyond 
the control of the system designer. For this reason, me- 
tastability is usually predicted on a statistical basis and 
measured as Mean Time Between Failures (MTBF) for 
a given variable. 


Figure 15 shows typical MTBF as a function of teo + 
tMET for the iPLD22VIO/85C22VIO-1O and for the 
PAL 22VIO-IO. These parts were programmed as 10- 
bit counters. Data for the 74F74 D flip-flop is also pre- 
sented for comparison. teo 
is taken from the data 


sheet. tMET is the amount of time after teo 
that is 


required for the device to produce a stable output. The 
total time required for stable output after a clock edge 
is tco + tMET. To design for a specific MTBF, the 
designer first finds the natural 
log of the specified 
MTBF on the vertical scale of Figure IS, then reads 
tea + tMET for the corresponding device on the hori- 
zontal scale. Thus, for a given level of reliability, the 
designer can find the total time to allow between the 
clock edge input and valid data output. Note that the 
data input to clock setup time, tsu, must still be met. 
The maximum clock frequency that can be applied for 
a given MTBF is Fe = lI(tsu 
+ teo + tMET)' 


Device 
Intel 
AMD 
Lattice 
Cypress 
Signetics 
Name 
CMOS 
Bipolar 
CMOS 
BiCMOS 
CMOS 
(10 ns 
PLD22V10 
PAL22V10 
GAL22V10B 
PAL22V10C 
PL22V10 
Parts) 
85C22V10 


lcc@ 
130 mA 
180 mA 
130 mA 
190 mA 
120 mA + 
15 MHz 
0.5 mAlMHz 


iPL022Vl-l0i 
. 
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Figure 15. Tau Curves for Intel 
PLD22V10/85C22V10·10 vs Competition 


The Intel PLD22VlO and 85C22VlO are protected 
from metastability through careful register design and 
the use of high-gain output amplifiers driven by the 
macrocell. This provides immunity from metastability 
by ensuring that 
the output 
will be driven to one 


extreme state or the other: either logic HI or LOW. For 
more information on metastability, please refer to the 
Intel Application Note "Metastability 
Characteristics 


of Intel EPLDs", order number 292071-002. 


Design Example # 1-Split 
Phase State 
Machine 


It is sometimes desirable in synchronous system design 
to have events occur on both the rising and falling edge 
of the system clock. This allows events to be processed 
with greater timing granularity. 


This example is intended to illustrate one possible use 
of the programmable clock invert feature of the Intel 
85C22VlO. In doing this, it is also shown how to access • 
this feature using Data I/O's ABEL design tool. 


module 
WAIT 
title 
'wait 
state 
controller' 


wait 
device 
'p22vlOic'; 
"Intel 


clk, 
csO, 
csl, 
cs2, 
cs3 pin 
2, 
3, 
rdy 
, qQ, 
ql pin 
23, 
24, 
25; 


"WAIT 
statemachine 
bits 
defined 


start = 
AhQ; wait2 = 
Ah4; halfl = 
idle = 
Ah7; waitl = 
Ah6; 
wait3 = 
Ah5; ready = 
Ah3; 


state_diagram 
[rdy, 
ql, 
qO] 


state 
start: 
goto 
idle; 


state 
idle: 
if 
( 
!csO 
&: csl 
else 
if 
( csO 
&: 
else 
if 
( csO 
&: 


else 
if 
( csO 
&: 


else 
idle; 
state 
wait3: 
goto 
wait2; 
state 
wait2: 
goto 
waitl; 
state 
waitl: 
goto 
ready; 
state 
halfl: 
goto 
ready; 
state 
ready: 
goto 
idle; 


equations 


rdy. clk = 
!clk; 
[ql ••qO].clk = clk; 


end WAIT 


85C22VIO 
in PLCC 
package 


4, 
5, 6; 
"Inputs 
"Outputs 


&: cs2 
&: cs3) 
then 
ready 
1csl &: cs2 
&: cs3 
) then 
csl 
&: 
!cs2 &: cs3 
) then 
csl 
&: cs2 
&: 
lcs3 ) then 


wait 1 
wait2 
wait3 


"insert 
3 waitstates 
"insert 
2 waitstates 
"insert 
1 waitstate 
"half 
state 
between 
waitl 


When the Intel486™ 
microprocessor communicates 
with memory or I/O devices, several mechanisms exist 
for extending the bus cycles to accommodate 
slow 
memory or I/O devices. Bus cycle extensions are usual- 
ly referred to as wait-states. One method for requesting 
wait-states from the Inte1486 microprocessor during a 
bus cycle is to keep the RDY line inactive until the 
desired number of wait states have been incurred. 


In this example design using ABEL v4.3, RDY control 
is implemented using a simple 3-bit state machine in an 
Intel 85C22VlO (see Figure 16). Two of the state bits of 
the WAIT state machine (q1, qO) clock on the rising 
edge of the system clock and one bit (RDY) utilizes the 
falling 
edge. 
This 
is 
made 
possible 
because 
the 
85C22VlO allows clock inversion on a macrocell by 
macrocell basis. Clock assignments in ABEL are simply 
done in the EQUA nONS 
section using the syntax: 


rdy.elk = 
!elk; 


[ql ••qO].elk = elk; 


ADS 
-;-,_____ 
L 


I 


AD2-AD31 D_.... 
_V_AL_ID_ 
•••• _X.. 
V_AL 
••ID 
x: 


_I 
I 
I 
I 
I 


I 
HALF'1. 


WAIT 
'_DL_E 
X 
RE~DY 
~ 
__ 
W_A_'T 
••1_••• 
~ 


By watching the Chip Select (CS) lines, the WAIT state 
machine determines the correct number of wait states 
to insert, the range being from 0-3 in this example. CS 
signals are typically decoded from the address signals 
out of the Intel 486. 


Referring to Figure 17, two bus cycles are shown, illus- 
trating only the signals critical to this example. Address 
signals are not guaranteed to be valid out of a 33 MHz 
Intel486 until 16 ns after the rising edge of Tl which is 
already past the falling edge ofTl 
(assuming 50% duty 
cycle, 30 ns clock period). The next opportunity for a 
clock edge is the rising edge of T2. Using a fast PLD, 
such as the 7 ns Intel 85C224, the decoding of the ad- 
dress lines into a CS signal can be done in time to meet 
the required 7 ns setup time (tsu) into an 85C22VIO 
that contains the WAIT state machine. Since the first 
bus cycle shown involves CSO, it is a zero wait-state 


cycle. RDY is generated by the WAIT state machine 
on the falling edge of T2, in time to make the 8 ns setup 
time into the Intel486 before the rising edge of the next 
Tl. Since RDY is asserted until the falling edge of Tl, 
ample hold time is provided. 


The second bus cycle requires the insertion of a wait- 
state. This is dictated by the assertion of CSl. Now, 
instead of returning a RDY at the end of one T2 cycle, 
the WAIT state machine will wait through one addi- 
tional T2 cycle. Note that for this state sequence WAIT 
goes through 
an intermediate 
"half state" 
between 
WAITI 
and READY. This is because the transition 
from WAITl to READY begins on the rising edge of 
the last T2 and is completed on the falling edge. This is 
illustrated as a state diagram in Figure 18. When de- 
signing a mixed clock phase state machine, care must 
be taken to account for intermediate half states. Valid 
state assignments must not conflict with half states or 
else proper results will not be achieved. 


Zero Wait-State 
Sequence 
One Wait-State 
Sequence 


Figure 18. WAIT State Machine State 


Obviously this design only utilizes a small portion of 
the 85C22VIO. 
Ample room exists to add a bus arbiter 
or additional random logic. 


As long as close attention is paid to state assignments, 
mixed clock phase state machines can be a powerful 
design tool for meeting tough system timing require- 
ments. 


Assignments 
Rdy 
q1 
q2 


Idle 
1 
1 
1 
WAIT1 
1 
1 
0 
Half1 
0 
1 
0 
Ready 
0 
1 
1 


/ 


Design Example # 2-Status 
Register 


The need often arises in digital system design to store a 
status data bit or bits in a register for later reference. 
Typically a bi-directional databus is used for reading 
and writing this data. 
• 


One of the superset features of the Intel 85C22VI0 is 
the ability to take feedback into the device from an I/O 
pin on a macrocell that is configured for registered op- 
eration. Recall that the standard 22VlO provides only 
buried feedback when the macrocell is configured as a 
register. Access to this feature is available via popular 
3rd party tools such as ABEL, CUPL and MINC. But 
for this example. Intel's PLDshell was used. 


A schematic of the desired circuit is given in Figure 19. 
Data is strobed into the status register via RDCLK. 
When it is desired to read back the value of the data, 
this process is controlled by OE. Up to 10 such data 
registers may be implemented on a single 85C22VlO 
with separate OE control for each. 


intelQP 


The Intel 85C22VlO supports all of the features of the 
standard 22VlO. In addition, it contains several super- 
set features such as support for I/O feedback on regis- 
tered configured macrocells. 


~"" 
.."' 


; Inputs 
PIN RDCLK 
PIN CSl 
PIN OE 


EQUATIONS 


STAT = STAT 
STAT.CLKF = RDCLK 
STAT.TRST = OE 
•• 
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3-138 
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3-138 
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System designers often use programmable logic devices 
to implement counters. Use of PLA devices lets the 
user build customized counters to suit individual appli- 
cations. In most cases such counters are not available, 
'off-the-shelf 
SSI/MSI devices. In other applications, 
the PLA implementation allows the designer to squeeze 
the counter function along with other 'glue' tasks into a 
single PLA, with the attendant higher integration bene- 
fits. 


Use of traditional 20-pin and 24-pin PLAs, however, 
does not allow for the construction of large counters 
having greater than 10 significant bits. This is because 
these traditional PLAs have register and product term 
restrictions (even the larger bipolar PLAs have only 8 
to 10 registers and less than 8 product terms per regis- 
ter). In contrast, the iPLD610 24-pin erasable program- 
mable logic device (EPLD) contains 16 registers that 
are programmable as 'D', 'T', 'RS' or 'JK' types. These 
16 programmable registers enable the construction of 
UplDown counters with up to 16 significant bits. 


This application brief details the implementation of a 
16-bit binary counter in the iPLD610 PLD. The design 
also demonstrates efficient counter construction utiliz- 
ing toggle flip-flops (T-FF) that allows for minimum 
product term utilization. 


The objective of the design is to implement a counter 
with the following features: (i) 16-bit binary count, (ii) 
~ 
flip-flops, (iii) asynchronous clear, (iv) RUN/ 
STOP function 
and (v) UPIDOWN 
function. The 
function table is shown in Figure I. 


RESET UP/DOWN RUN/STOP 
Function 


X 
X 
0 
Inhibit Counting 
0 
0 
1 
Count Down 
0 
1 
1 
Count Up 
1 
X 
X 
Reset All Outputs 
to 'LOW' 


Counters can be most effectively implemented in PLA 
architectures 
using toggle flip-flops. This is because 
counters constructed with 'D' type flip-flops require an 
additional product term for every successive significant 
bit, whereas toggle flip-flop implementation 
requires 
only one product term per significant bit. Thus, the 
toggle flip-flop counter design is more miserly in prod- 
uct term consumption 
than the 'D' 
register design. 


Since product term minimization is the key element to 
maximizing PLA utilization, the T-FF counter design 
is more efficient. The truth table for the toggle flip-flop 
is shown in Fig. 2. 


T 
Q(N) 
Q (N + 1) 


0 
0 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 


The 16-bit binary counter function was implemented in 
the iPLD610 EPLD using the PLDshell Plus Develop- 
ment System (iPLDS). The equations for the 16-bit bi- 
nary counter with the RESET, UPIDOWN and RUN/ 
STOP functions are shown in the 'EQUATIONS' 
sec- 
tion of the PLDasm file (Fig. 3). The pinout of the 
iPLD610 with the implemented counter is shown in the 
RPT file (Utilization Report) Fig. 4. This RPT file also 
shows, under the 'EQUATIONS' 
section, that in each 
macrocell only one out of 8 product terms is used. In 
contrast the same 16-bit counter designed using 'D' 
type flip-flops would have required more than 16 prod- 
uct terms for the last significant bit. 
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TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 


16-bit Counter Using Toggle Flip-Flops 
AB-ll 
1.0 
Example 
Intel 
4/27/93 


PIN 
PIN 
PIN 
PIN 


RS 
RESET 
UD 
CLK 


RUN STOP 
(0 ==> 
INHIBIT COUNTING, 
1 ==> 
COUNT) 
RESET ALL OUTPUTS TO LOW 
(0) 
UP/DOWN 
(0 ==> 
COUNT DOWN, 1 ==> 
COUNT UP) 
DEVICE SYNCHRONOUS 
CLOCK 


; Outputs 
; 16 BIT COUNTER: 
(MSB) Q15 Q14 
... Q1 QO 
(LSB) 


STRING 
QOU 
'(UD * RS)' 
STRING 
Q1U 
'(UD * QO * QOU) , 
STRING 
Q2U 
'(UD * Q1 * Q1U) , 
STRING 
Q3U 
'(UD * Q2 * Q2U) , 
STRING 
Q4U 
'(UD * Q3 * Q3U)' 
STRING 
Q5U 
'(UD * Q4 * Q4U) , 
STRING 
Q6U 
'(UD * Q5 * Q5U) , 
STRING 
Q7U 
'(UD * Q6 * Q6U) , 
STRING 
Q8U 
'{UD * Q7 * Q7U) , 
STRING 
Q9U 
'(UD * Q8 * Q8U) , 
STRING 
Q10U 
'(UD * Q9 * Q9U) , 
STRING 
QllU 
'(UD * Q10 * Q10U) , 
STRING 
Q12U 
'(UD * Qll * QllU) , 
STRING 
Ql3U 
'(UD * Q12 * Q12U) , 
STRING 
Q14U 
'(UD * Q13 * Ql3U) , 
STRING 
Q15U 
'(UD * Q14 * Q14U) , 


STRING 
QOD 
'<IUD * RS) , 
STRING 
Q1D 
' (IUD * 
IQO 
* QOD) , 
STRING 
Q2D 
'<IUD * 
IQ1 
* Q1D) , 
STRING 
Q3D 
'<IUD * 
IQ2 
* Q2D) , 
STRING 
Q4D 
'<IUD * 
IQ3 
* Q3D)' 
STRING 
Q5D 
'<IUD * 
IQ4 
* Q4D) , 
STRING 
Q6D 
' (IUD * 
IQ5 
* Q5D) , 
STRING 
Q7D 
' (IUD * 
IQ6 
* Q6D) , 
STRING 
Q8D 
' (IUD * 
IQ7 
* Q7D) , 
STRING 
Q9D 
' (IUD * 
IQ8 
* Q8D) , 
STRING 
Q10D 
' (IUD * 
IQ9 
* Q9D)' 
STRING 
QllD 
'<IUD * 
IQ10 
* Q10D) , 
STRING 
Q12D 
' (IUD * 
IQll 
* QllD) , 
STRING 
Q13D 
' (IUD * 
IQ12 
* Q12D) , 
STRING 
Q14D 
'<IUD * 
IQl3 
* Q13D) , 
STRING 
Q15D 
' (IUD * 
IQ14 
* Q14D) , 
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Figure 3. Example 
.PDS 


• 


OUTPUTS 
QO.T 
.- QOU 
+ QOD 
Ql.T 
·- QIU 
+ QID 
Q2.T 
·- Q2U 
+ Q2D 
Q3.T 
·- Q3U 
+ Q3D 
Q4.T 
·- Q4U 
+ Q4D 
Q5.T 
·- QSU 
+ Q5D 
Q6.T 
·- Q6U 
+ Q6D 
Q7.T 
·- Q7U 
+ Q7D 
Q8.T 
·- Q8U 
+ Q8D 
Q9.T 
·- Q9U 
+ Q9D 
QI0.T ·- QI0U 
+ QI0D 
Qll.T ·- QllU 
+ QllD 
QI2.T ·- Q12U 
+ Q12D 
QI3.T ·- Q13U 
+ Q13D 
QI4.T ·- Q14U 
+ Q14D 
QI5.T ·- QISU 
+ Q15D 


SYNCHRONOUS 
CLOCKS 
Q [15 :0] .CLKF 


ASYNCHRONOUS 
CLEAR 
Q[15:0] .RSTF 


TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 


16-BIT COUNTER USING TOGGLE FLIP-FLOPS 
AB-ll 
1.0 
EXAMPLE 
INTEL 
4/27/93 


OPTIONS 
TURBO 
= ON 
SECURITY 
= OFF 


PIN 
PIN 
PIN 
PIN 


PIN 
PIN 
PIN 


RS 
RESET 
UD 
CLK 


22 


[21:15] 
[10: 3] 


Q15 
Q [14: 8] 
Q [7: 0] 
• 


QI5.T 
.- UD * Q14 
* Q13 
* Q12 * Qll * QI0 * Q9 * Q8 * Q7 * Q6 * Q5 * Q4 
* Q3 * Q2 * Ql * QO * RS 
+ IUD * /Q14 * /Q13 * /Q12 * /Qll * /QI0 * /Q9 * /Q8 * /Q7 * /Q6 
* /Q5 * /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 


QI5.CLKF 
QI5.RSTF 
QI5.SETF 
QI5.TRST 


CLK 
RESET 
GND 
VCC 


QI4.T 
.- UD * Q13 * Q12 * Qll * QI0 * Q9 * Q8 * Q7 * Q6 * Q5 * Q4 * Q3 
* Q2 * Ql * QO * RS 
+ IUD * /Q13 * /Q12 * /Qll * /QI0 * /Q9 * /Q8 * /Q7 * /Q6 * /Q5 
* /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 


QI4.CLKF 
QI4.RSTF 
QI4.SETF 
QI4.TRST 


CLK 
RESET 
GND 
VCC 


QI3.T 
.- UD * Q12 * Qll * QI0 * Q9' * Q8 * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 


* Ql * QO * RS 


+ IUD * /Q12 * /Qll * /QI0 * /Q9 * /Q8 * /Q7 * /Q6 * /Q5 * /Q4 


* /Q3 * /Q2 * /Ql * /QO * RS 


Q13 .CLKF 
Q13 .RSTF 
QI3.SETF 
QI3.TRST 


CLK 
RESET 
GND 
VCC 


QI2.T 
.- UD * Qll * QI0 * Q9 * Q8 * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * QO 


* 
RS 
+ /UD * /Qll * /QI0 * /Q9 * /Q8 * /Q7 * /Q6 * /Q5 * /Q4 * /Q3 * /Q2 


* /Ql * /QO * RS 


QI2.CLKF 
QI2.RSTF 
QI2.SETF 
QI2.TRST 


CLK 
RESET 
GND 
VCC 


Qll.T 
:= UD * QIO * Q9 * Q8 * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * QO * RS 
+ /UD * /QIO * /Q9 * /Q8 * /Q7 * /Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /Ql 
* /QO * RS 
Qll.CLKF 
Qll.RSTF 
Qll.SETF 
Qll.TRST 


CLK 
RESET 
GND 
VCC 


QIO.T 
:= UD * Q9 * Q8 * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * QO * RS 
+ IUD * /Q9 * /Q8 * /Q7 * /Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /Ql * /QO 
* 
RS 
QIO.CLKF 
QIO.RSTF 
QIO.SETF 
QIO.TRST 


CLK 
RESET 
GND 
VCC 


Q9.T 
:= UD * Q8 * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * QO * RS 
+ IUD * /Q8 * /Q7 * /Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 
Q9.CLKF 
CLK 
Q9.RSTF 
RESET 
Q9.SETF 
GND 
Q9.TRST 
VCC 


Q8.T 
:= 
+ 
Q8.CLKF 
Q8.RSTF 
Q8.SETF 
Q8.TRST 


UD * Q7 * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * QO * RS 
/UD * /Q7 * /Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 
CLK 
RESET 
GND 
VCC 


Q7.T 
:= 
UD * Q6 * Q5 * Q4 * Q3 * Q2 * Ql * QO * RS 
+ /UD * /Q6 * /Q5 * /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 
Q7.CLKF 
CLK 
Q7.RSTF 
RESET 
Q7.SETF 
GND 
Q7.TRST 
VCC 


Q6.T 
:= 
+ 
Q6.CLKF 
Q6.RSTF 
Q6.SETF 
Q6.TRST 


Q5.T 
:= 
+ 
Q5.CLKF 
Q5.RSTF 
Q5.SETF 
Q5.TRST 


Q4.T 
:= 
+ 
Q4.CLKF 
Q4.RSTF 
Q4.SETF 
Q4.TRST 


UD * Q5 * Q4 * Q3 * Q2 * Ql * QO * RS 
IUD * /Q5 * /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 
CLK 
RESET 
GND 
VCC 


UD * Q4 * Q3 * Q2 * Ql * QO * RS 
/UD * /Q4 * /Q3 * /Q2 * /Ql * /QO * RS 
CLK 
RESET 
GND 
VCC 


UD * Q3 * Q2 * Ql * QO * RS 
IUD * /Q3 * /Q2 * /Ql * /QO * RS 
CLK 
RESET 
GND 
VCC 


Q3.T 
.- UD * Q2 * Ql * QO * RS 
+ IUD * /Q2 * /Ql * /QO * RS 


intel~ 


Q3.(:LKF 
Q3.RSTF 
Q3.SETF 
Q3.TRST 


CLK 
RESET 
GND 
VCC 


Q2.T 
:~ 
+ 
Q2.CLKF 
Q2.RSTF 
Q2.SETF 
Q2.TRST 


UD * Ql * QO * RS 
IUD * 
IQl * 
IQo * 
RS 
CLK 
RESET 
= GND 
= VCC 


Ql.T 
:= 
UD * QO * RS 
+ 
IUD * 
IQO * 
RS 
Ql.CLKF 
CLK 
Ql.RSTF 
RESET 
Ql.SETF 
= GND 
Ql.TRST 
= VCC 


QO.T 
:= RS 
QO.CLKF 
CLK 
QO.RSTF 
RESET 
QO.SETF 
GND 
• 
QO.TRST 
VCC 
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Designers today are faced with the challenge of imple- 
menting very high performance systems in a cost-effec- 
tive and timely manner. When these responsibilities are 
factored with concerns about reliability, power con- 
sumption, and migrating the design to the next per- 
formance level, the designer's job becomes more com- 
plex. When all these requirements are compared against 
the possible solutions spanning full-custom, semi-cus- 
tom, application-specific, and programmable logic, the 
only sure result is a headache. 


Intel's Microcomputer 
Programmable 
Logic Devices 
(fLPLDs) can meet many of today's system require- 
ments, as well as map the path to the next generation of 
products. Intel fLPLDs provide a high-speed CMOS 
logic solution required by current microprocessors and 
VLSI peripherals. 


This design guide provides technical support for design- 
ers, design managers, components engineers, and others 
interested in using Intel's iPLD61O. The information 
provided here is intended to support both the decision 
making process prior to the design and, the qualifica- 
tion process which occurs during and after the design. 
The format of this design guide is as follows: 


Section 2--Product 
Overview: This section discusses 
the device highlights and architecture of the iPLD61O. 


Section 3-Specification 
Analysis: The key D.C. and 
A.C. Specs (from the data sheet) are discussed and 
"ompared against competitive devices. This section pro- 
vides a baseline for comparison and device selection. 
Also, some insights are provided on how to best use the 
data sheet specifications. 


Section 4-Advanced 
Design Issues: This section in- 
cludes presentation of data and discussion of issues af- 
fecting high-speed systems designs. Topics include out- 
put slew rates, effects of capacitive loading of outputs, 
and synchronous/asynchronous 
register operation. 


Section S-Application 
Ideas: This section offers some 
ideas on how to use the unique performance/architec- 
ture combination offered by the Intel iPLD61O. 


Section 6-Programming/Development 
Support: This 
section offers details on existing Intel development/ 
programming tools as well as third-party support. Also 
discussed is programming compatibility with other de- 
vices. 


Section 7-Design 
Upgrade: There may be a desire to 
upgrade an existing design to the Intel iPLD6l0. This 
task is discussed, specifically vis-a-vis the Intel 5C060, 
AlteralTIIEP6xO, 
22VIO, and 20RAIO. 


Title 
Intel Order No 


iPLD610 CMOS fLPLD 
290455 
Data Sheet 


iPLD910 CMOS fLPLD 
290456 
Data Sheet 


Intel Programmable 
Logic 
296083 
Handbook 


Metastability 
Characteristics 
292071 
of Intel PLDs 


PLD Quality and Reliability 
293003 
Data Summary 


In programmable logic, several architectures have aris- 
en as industry 
standards. 
Each architecture 
has a 
unique set of features. The Intel iPLD610 represents 
the top performer in one of these industry standard 
architectures. The iPLD610 is an upgrade of the exist- 
ing Intel 5C060 and Altera EP600 devices. Although 
the architectures 
(i.e., pin-out, logic array, macrocell 
features, 
JEDEC 
map) 
are exactly 
the 
same, the 
iPLD610 represents a very significant performance up- 
grade. It should also be noted that devices with this 
same architecture are manufactured by other leading 
programmable logic vendors including AMD and TI. 


The features provided by the Intel iPLD610 include the 
following highlights: 
- 
16 programmable macrocells (I/O pins) 
28-pin PLCC package 
- 
EPROM cell, CMOS Technology (UV Erasable) 
100% Silicon Testability 
- 
Programmable Standby Current Mode « 
100 fLA) 
- 
Low Operating Power (105 mA Max) 
High Performance Operation (10 ns tPD, 6.5 ns 
teol' 
85 MHz State Machine Frequency) 
Programmable Security Bit 
Programmable Register Type 
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(a) DIP Pinout 
(b) PLCC Pinout 


Figure 
1. iPLD610 
Pinout 
Diagrams 


intel~ 


Figure I shows the pinouts of the DIP and PLCC pack- 
ages for the iPLD. The DIP version is available in plas- 
tic, one-time-programmable (OTP). The PLCC version 
comes in a 28-pin OTP package. 


The iPLD610 uses CMOS EPROM (floating gate) cells 
as logic control elements instead of fuses. The CMOS 
EPROM 
technology reduces power consumption 
in 


comparision 
to 
bipolar 
devices without 
sacrificing 
speed 
performance. 
In 
addition, 
Intel's 
advanced 
CMOS III-E EPROM process technology enables high- 
er 
logic 
densities 
to 
be 
achieved 
with 
superior 


speed and low-power performance over other compara- 
ble devices. Intel's )J-PLDs add the benefits of "zero" 
stand-by power not available on other programmable 
logic devices. EPROM technology allows these devices 
to be 100% factory tested by programming and erasing 
all the EPROM logic control elements. 


The overall device architecture, as presented in Figure 
2, shows several architectural highlights of this device. 
In this 24/28 pin device there are 16 macrocells, each 
of which represents an I/O pin, buried register or dedi- 
cated input. There are also four dedicated input pins 
and two dedicated clock pins. 


PROGRAMMABLE 
AND ARRAY 
40 x 160 


The dedicated clock pins otTerthe system designer add- 
ed flexibility. The CLKI 
pin provides a synchronous 
clock input to macrocells 9-16 and the CLK2 pin pro- 
vides a dedicated synchronous clock input for macro- 
cells 1-8. The advantages of this architecture feature 
are quite obvious as the list of applications could in- 
clude: 
a) Dual state-machine operation within the same device 
b) Using logic that requires operations at CLKx and 
CLKx 
c) Implementing system control logic requiring both a 
Ix CLK and a 2x CLK (as can often be the case with 
the Intel 80386DXlSX 
and 80286 microprocessors) 
d) Use of some macrocells as "input latches" accepting 
asynchronous inputs, whose states are subsequently 
acted upon using another clock input. 


The next level of detail to examine the iPLD610 is at 
the macrocell level. Figure 3 provides an overview of 
the macrocell architecture. There are several key fea- 
tures that make this device very useful to system de- 
signers by overcoming 
limitations 
of the standard 
PAL· /GAU·122VIO 
capabilities. Every macrocell of 


·PALis a registered trademark of Advanced MicroDevices. 
··GAL is a registered trademark of LatticeSemiconductor,Inc. 


the iPLD610 has 8 sum of product terms for standard 
logic implementation. There is a separate product term 
for Asynchronous Register clear (Reset) for each regis- 
ter. In addition, there is a product term that can be 
programmed as either an asynchronous clock input to 
the register or as an output enable control. This asyn- 
chronous clocking capability for each macrocell pro- 
vides yet another level of clocking flexibility to an al- 
ready advanced architecture. The output enable control 
available on each macrocell allows any I/O pin to be 
tri-stated and provides for full control of pins used as 
both inputs and outputs. The feedback from each mac- 
rocell can be direct register feedback or pin feedback. 
Several macrocell options are detailed in the iPLD610 
Data Sheet (Lit. No. 290455). Each macrocell can be 
configured to implement registered or combinational 
logic. Register types available include D, T, JK and RS. 
This provides designers register types not found in 
many of the common programmable logic devices. Reg- 
ister type selection is also a common way to reduce 
product term requirements (rather than just going to 
higher product 
term devices), as logic development 
• 
tools can minimize equations for the best fit. Whether 
registered or combinational logic is implemented, there 
is also an inversion control within each macrocell. 
Again, this can help designers minimize logic and con- 
trol output polarities by using DeMorgan's 
inversion 
rules on equations. 
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When designing with any IC, a designer would like to 
know two things: 
1) How is the part guaranteed to act (i.e., what are its 
specifications) 
2) How will it act in it's actual design environment 


The first item above will be covered in this section. 
Using the data sheet A.C. and D.C. specifications a 
designer can perform a "paper analysis" of the circuit. 
The questions to be answered here are "How does the 
Intel iPLD6lO compare with competitive devices" and 
"How can the A.C. and D.C. specs best be used?" 


The second item is much harder to quantify due to the 
vast differences between designs. However, a great deal 
of bench data has been collected and presented in Sec- 
tion 4, which will help the designer make these assess- 
ments. 


D.C. characteristics of the Intel iPLD6lO are covered 
first. Next follows a comparison of these values with 
competitive devices. Following this is an overview of 
the A.c. specifications for the iPLD6lO and, finally, a 
comparison of these specifications with other devices. 


D.C. characteristics address the direct current compo- 
nents of operating any IC. The areas covered include 
input and output voltage and current levels, and Ice 
supply current consumption. 


The input voltage levels (VIH and VId show that the 
iPLD6lO can be driven by standard 
TTL or CMOS 
logic components, so the designer doesn't need to worry 
about mixing logic families-even 
though the iPLD6lO 
is a CMOS PLD. The VOH and VOL show that the 
iPLD610 can drive TTL loads over the specified test 
conditions. CMOS loads are capacitive in nature and 
do not require much current (typically measured in 
/-LA). 


IOL Specifications 


The VOL test condition shows that each iPLD6lO is 
capable of handling a 12 mA load while maintaining 
the output at or below 0.45V. Refer to Figure 17 (in 
Section 4) if another VoVV OH value is required. That 
figure provides typical values for the output driver of 
the iPLD6lO. 


Also in the D.C. specifications of the iPLD6lO is a note 
specifying the total IOL for each "bank" of 8 macrocells 
is 64 mA. This is the maximum recommended D.C. 
(steady state) current for this device. Even though the 
iPLD6lO 
can 
sink 
12 mA 
on 
each 
output, 
this 
64 mA/bank 
limit should be observed to reduce elec- 
tromigration 
effects. The duty cycle of each output 
should be incorporated 
when calculating the steady 


state device current. For example, each output of a 4- 
bit counter is active 50% of the time. The maximum 
current for each bank is 96 mA. 


The input and output leakage current specifications are 
± lO /-LA(per pin). This is an average value for CMOS 
devices. Typically, though, the total leakage for all pins 
(combined) will be within this ± lO /-LArange. 


lee Specifications 


Probably the D.C. specification of the greatest concern 
to most designers is the Ice value. This value tells the 
• 
designer how much current will be required and how 
much heat (watts) will be generated by each device. 
Therefore, the Ice specifications of a device will affect 
both the power supply requirements and the board reli- 
ability. To generate Ice values, the device is tested with 
no load to find out how much power is consumed by 
the device itself. 
. 


Since CMOS devices consume most of their power dur- 
ing transitions, Ice will greatly vary with the frequency 
of the clock or other inputs. For this reason not only 
are two values of Ice specified in the D.C. characteris- 
tics (at 1 MHz), but an Ice versus frequency graph is 
given at the back of the data sheet allowing more pre- 
cise current/power 
calculations. This graph provides 


"typical" Ice values (i.e., Vee = 5.0V, temp = 25°C). 


Another specification related to Ice is the standby cur- 
rent specification, ISH. This specification gives both 
typical and maximum values for power consumption 
when the iPLD6lO is in standby mode. 


To be in standby mode the device must be programmed 
with TURBO = OFF and no inputs can have changed 
state for 75 ns. Wakeup time adds an additional 25 ns 
to the propagation delay through the device as mea- 
sured from the first input change (see Figure 4). The 
standby mode programming option provides designers 
of power-sensitive applications such as laptop PCs with 
the capability to greatly reduce the system's power bud- 
get. 


FIRST 
INPUT 
OR I/O 


LAST 
INPUT 
OR I/O 


ACTIVE 
~ODE 
lee 


TO STANDBY 


~ODE 


STANDBY 
~ODE 


ISB 
ACTIVE 
~ODE 


lee 


The voltage specifications for the iPLD610 and com- 
petitive devices do not differentiate where these devices 
can be used. For this reason Table I, below, concen- 
trates on the current specifications. 


The conclusions from this table are clear. The Intel 
iPLD610 provides the lowest power consumption (led 
while providing the highest output 
drive capability 


(12 mA). Also, it's values for standby current are com- 
parable 
to the other 
devices (although 
the AMD 
PALCE630 does not offer a standby mode). 


Spec 
lee (@ 1 MHz) 
158 
Output Current 


Part No. 
Typical 
Max 
Typ 
Max 
IOL 
IOH 


Intel iPLD610 
3mA 
8mA 
20/-l-A 
150/-l-A 
12mA 
-4mA 


Intel5C060 
10 mA 
15 mA 
20/-l-A 
100/-l-A 
4mA 
-4mA 


Altera EP630 
5mA 
10mA 
20/-l-A 
150/-l-A 
4mA 
-4mA 


Altera EP610 
3mA 
10mA 
20/-l-A 
100/-l-A 
4mA 
-4mA 


TI EP610 
3mA 
10mA 
20/-l-A 
100/-l-A 
4mA 
-4mA 


AMD 
Not 
Not 
Not 
Not 
8mA 
-4mA 
PALCE630 
Avail I. 
Avail. 
Supported 
Supported 


A.C. specifications provide the real "meat" of the data 
sheet by stating the guaranteed performance of the de- 
vice. The first section of A.C. characteristics are the 
combinatorial mode A.C. characteristics. These state 
timings of non-registered logic paths in the iPLD610 
including propagation delays (tPDI and tpDZ), output 
enable/disable times (tpzx and tpxz), 
and asynchro- 


nous reset time for any register (tCLIU.These specifica- 
tions are stating the times from any I/O or input pin 
until the selected function is performed. Propagation 
delays include AND/OR 
logic provided by up to eight 


product terms. 


The next table in the iPLD610 data sheet is the "Regis- 
ter Mode--Synchronous 
Clock A.C. Characteristics" 
which includes specifications related to using any mac- 
rocell in registered mode which is clocked with CLKI 
or CLK2. The specifications of primary importance 
here revolve around the register setup time (tsu) and 
register clock to output time (tCOI). The setup time is 
the minimum time allowed between valid data appear- 
ing on an input 
and 
the active clock edge. The 


ISCIOCKeoat tne register until valtO Oata ShOWSup at 
the output pin. The reason these two specifications are 
of concern is that together they determine the worst 
case throughput performance in registered mode. One 
highlight of the iPLD610 is how closely they match 
standard "E-PAL" specifications. Section 3.4 includes 
a summary of iPLD610 versus PAL performance. The 
maximum counter frequency, FCNTI' represents the 
maximum counter frequency with the iPLD610 using 
external feedback. External feedback means routing an 
output pin to another pin as an input. In this case the 
designer incurs both input and output buffer delays- 
but, this also simulates the activity of a multiple device 
counter 
or state 
machine. 
A related 
specification, 


FCNTZ' 
represents the maximum counter (state ma- 


chine) frequency using internal device feedback. FCNTZ 
is higher than FCNTI due to elimintion of an input and 
output buffer from the feedback path. Figure 5 provides 
an overview of both FCNT values. 


The designer must also be aware that the FMAXspecifi- 3 
cation states the maximum frequency at which the reg- 
isters in the iPLD610 can be clocked. This is due to the 
physical limitations on the period of the clock input (it 
could also be limited by register setup time). Therefore, 
FMAX = IItew 
(= IImin clock width). 


1 
(a) FCNT1 (External 
Feedback) 
= ---- 
tsu + tCOl 


I 
I 
Logic: 
Array 
I 
I 
~ ------------~ 


(b) FCNT2 (Internal 
Feedback) 


Figure 5. FCNT Overview 


Designs utilizing programmable logic can make full use 
of the iPLD610 by understanding the applications of 
FCNTI (used 
for multiple 
device state 
machines), 


FCN!2 (used for smaller, single device state machines), 
and FMAX (used for register pipelining applications). 


Another A.C. specification of interest is teo2 which 
represents the time from CLK high to output valid fed 
through a combinatorial macrocell. Figure 6 depicts the 
difference between teOI and tcoz· The teoz specifica- 
tion shows the advantages of using internal feedack to 
gain speed when register output signals are used in 
combinatorial logic equations. 


(TRANSMISSION 
TIME) 


IN2 


For each of the synchronous clock A.C. characteristics 
there is an asynchronous 
clock A.C. characteristic 
specified in the data sheet. Each macrocell of the 
iPLD610 can be programmed to be clocked with an 
asynchronous clock (generated by a separate product 
term in each macrocell). The asynchronous clock val- 
ues closely mirror the synchronous 
specifications in 
both definition and value, but, there are a few notable 
differences. 


M-???-+-7.5ns--1 


I- 
Totol 
= 14+ ns 
·1 


Using \c02: 


\co2 ~ 14 ns 


-\col 
= 
6.5 ns 


Effective 
Combinatorial 
Logic 
Speed = 7.5 ns 


(b) IntellPLD610 
Utilizing Internal 
Feedback 


Figure 6. Equivalent 
Combination 
Logic Speed Using tC02 
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The synchronous register setup and hold time specifica- 
tions (tsu and tl{) are 7 ns and 0 ns, respectively. The 
asynchronous register specifications show a shifting of 
specifications due to differences in internal paths. The 
asychronous register setup and hold time specifications 
(tASUand tAH) are 2 ns and 3 ns, respectively. A simi- 
lar shifting is seen if register setup and clock-to-output 
specifications are compared for synchronous and asyn- 
chronous operation as detailed in Figure 7. 


Understanding 
of these differences between synchro- 
nous and asynchronous specifications can be useful to a 
designer. If a system design requires a short setup time 


(in the 2 ns-5 ns range) one or more of the macrocells 
of the iPLD610 could be used 'in the asynchronous 
clocking mode. Either a control input or the system's 
synchronous clock could be routed to an input or I/O 
pin to establish the necessary "asynchronous" 
clock. 


With this technique, setup times as low as 3 ns can be 
met by the iPLD61O, although there is the trade off of a 
longer register clock-to-output delay. Low setup times 
are often required to accommodate output valid delay 
specifications of many microprocessors and system pe- 
ripherals. 


ASYNC- 
CLOCK 
(p-torm) 
• 


The comparison made here involves other devices with 
the same architecture as the Intel iPLD61O. This in- 
cludes devices from Altera, TI and AMD. It should be 
noted that Tables 2 and 3 (below) do not compare all 
A.C. specifications, rather only those best reflecting the 
performance of these devices. Even though the archi- 
tectures of these devices (i.e., pinout, product term, 


there are some differences in the test conditions used to 
generate A.C. specification. These differences are not- 
ed. 


The first comparison involves the higher speed parts- 
those in the 10 ns-15 
ns range for tpO' The second 
comparison will involve slower parts-those 
with a tpo 
of 25 ns. The final comparison shows a summary of 
iPLD610 performance versus standard PAL devices. 


Specification 
IPLD610 
Altera 
AMD 


Area 
Specification 
EP630·15 
PALCE630·15 
Unit 
-10 
-15 


Comb. Logic Speed 
tpD1 (Input to I/O) 
10 
15 
15 
15 
ns 


tpD2 (I/O to I/O) 
10 
15 
17 . 
15 
ns 


Sync. Counter 
Frequency 
FCNT1 C 
: 
te 
) 
74 
50 
50 
45.5 
MHz 


SU 
01 


FCNT2 (Internal 
Feedback) 
100 
66 
83 
50 
MHz 


FMAX (~w) 
111 
83.3 
83 
62.5 
MHz 


Sync. Reg. Operation 
Setup Time (tsu) 
7 
12 
9 
12 
ns 


Clock to Output Delay (te01) 
6.5 
8 
11 
10 
ns 


Async Reg Clear (teLR) 
18 
15 
15 
N/A 
ns 


Hold Time (tH) 
0 
0 
0 
0 
ns 


Async. Reg. Operation 
Setup Time (tASU) 
2 
4 
6 
5 
ns 


Hold Time (tAH) 
3 
6 
6 
9 
ns 


Clock to Output Delay (tACO1) 
12 
16 
15 
17 
ns 


Async. Counter 
Freq. 
( 
1 
) 
71.4 
50 
47.6 
45 
MHz 
FACNT 
1 
tASU + tAC01 


FACNT2 (Int. Feedback) 
100 
66 
71 
48 
MHz 


FAMAX (Pipelined) 
100 
66 
71 
62.5 
MHz 


OE Control 
tpzx (Input to Enable) 
15 
18 
15 
15 
ns 


tpxz (Input to Disable) 
13 
18 
15 
15 
ns 


Table 3. A.C. Specification 
Comparison-Mid 
Range 
Device Propagation 
Delay = 25 ns 


Specification 
Specification 
iPLD610·25 
Altera/TI 
AMD 
Unit 
Area 
EP610·25 
PALCE630·25 


Comb. Logic Speed 
tpD1 (Input to 110) 
25 
25 
25 
ns 


tpD2 (110 to 110) 
25 
27 
25 
ns 


tClA (Async Reg Clear) 
25 
27 
N/A 
ns 


Sync. Register 
( 
1 
) 
40 
27.8 
37 
MHz 


Performance 
FCNT1 
tsu + tC01 


FCNT2 (Int Feedback) 
40 
40 
40 
MHz 


FMAX (PiPelined 
= ...!..- ) 
66 
47.6 
50 
MHz 
, 


tcp 


Sync Register 
tsu (Setup Time) 
15 
21 
15 
ns 
Operation 
tH (Hold Time) 
0 
0 
0 
ns 


tC01 (Clock to Output Delay) 
10 
15 
12 
ns 


Async Register 
FACNT1 (Ext. Feedback) 
33.3 
28.5 
28.6 
MHz 


Performance 
FACNT2 (Int. Feedback) 
40 
40 
29 
MHz 


FAMAX (Pipelined) 
50 
47.6 
41.6 
MHz 


Async Register 
tASU (Setup Time) 
5 
8 
8 
ns 


Operation 
tAH (Hold Time) 
8 
12 
12 
ns 


tAC01 (Clock to Output Delay) 
25 
27 
27 
ns 


DE Control 
tpzx (Input to Enable) 
25 
25 
25 
ns 


tpxz (Input to Disable) 
25 
25 
25 
ns • 


At the "slower" end of the product line (tPD = 25 ns), 
the iPLD610 provides an upgrade to existing 25 ns tpD 
devices--especially in the area of synchronous register 
operations. From there a designer can migrate a design 
to the iPLD61O-15 and finally to the state-of-the-art in 
architecture/performance, 
the Intel iPLD61O-1O. 


A common application for higher integration devices 
such as the iPLD610 fLPLD is upgrading existing PAL 
designs. Table 4 summarizes the performance specifica- 
tions of the iPLD610 and standard PAL devices. The 
primary register-related specifications of the iPLD61O, 
tsu and te0l' 
are equal to E-PAL performance levels. 
This results In FeNTl specifications between the two 
devices which are very close. Also of note is that FMAX 
of the iPLD610 is III MHz, compared to 100 MHz for 
the 
E-PAL. 
The 
major 
differences 
between 
the 
iPLD610 and the PAL devices are in the tpD and lee 
values. The iPLD610 cannot meet the faster combina- 
tional logic speeds of PAL devices, however, PALs re- 
quire about 2 times more current than the iPLD61O. 
This lee difference is important in many design areas 
including power supply sizing, cooling requirements, 
and overall system reliability. 


Table 4. iPLD610 vs PAL 
Performance 
Summary 


Specification 
iPLD610 
"E·PAL" 
"D·PAL" 
Units 
20xx·7 
20xx-10 


tsu 
7 
7 
10 
ns 


tC01 
6.5 
6.5 
8 
ns 


FCNT1 
74 
74 
55.5 
MHz 


FMAX 
111 
100 
71.4 
MHz 


tpD 
10 
7.5 
10 
ns 


Icc(max) 
105 
210 
210 
mA 


As system designs climb to higher speeds and time to 
market becomes more critical, designers require more 
detailed information than is available in the data sheet. 
The main emphasis here is to provide designers with 
characterization 
data of key aspects of the iPLD61O. 
This data will help avoid unforseen problems in the 
design, prototype, and production phases. 


Data was measured with the output load specified in 
the iPLD610 data sheet (shown also in Figure 8), unless 
otherwise specified. The topics covered in this section 
are: 


• Output Slew Rates 
• Combinational Logic Concerns 
(tpD Characteristics) 
• Synchronous Register Operation Characteristics 
• Asynchronous Register Operation Characteristics 


• Output Current Characteristics 


• Design Considerations 


Several key advantages of using Intel fLPLDs are deriv- 
atives of the output buffer design. One of these is slow 
output slew rates which minimizes system noise. Signal 
ringing (noise) can result if output rise times are shorter 
then twice the signal transmission time. Thus, the faster 
the edge rate of any device output the shorter the board 
trace that is allowable before transmission line effects 
must be considered. This generally involves series or 
parallel termination and more consideration of device 
location and signal routing. The iPLD610 seeks to limit 
these design problems by providing lower output slew 
(edge) rates. 


Figures 9 and 10 provide a sample of the iPLD610 out- 
put slew rate characterization. 
Table 5 shows there is 
very little variation over temperature, although the val- 
ues do decrease as temperature increases. Table 6 shows 
there is very little variation over the number of outputs 
switching simultaneously, although it does decrease as 
the number of outputs increases. The results show out- 
put slew rates comparable to those of bipolar PALs and 
much lower than CMOS GALs (which are in the 3-5 
VIns range). The edge rates provided by the iPLD610 
provide designers with flexibility without constantly 
worrying about transmission line effects. 
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Transition 
Package 
Temp 
Slew 
Type 
ee) 
Rate (V/ns) 
L-+ H 
PDIP 
0 
1.1 
PDIP 
25 
1.1 
PDIP 
70 
1.0 
----- 
- --- 
------ 
CerDIP 
0 
1.0 
CerDIP 
25 
1.0 
CerDIP 
70 
0.9 
H-+ L 
PDIP 
0 
1.2 


PDIP 
25 
1.2 
PDIP 
70 
1.1 
----- 
- --- 
------ 
CerDIP 
0 
1.2 
CerDIP 
25 
1.2 
CerDIP 
70 
1.1 


Vcc 
= 5.OV 
No outputs 
switching 
= 8 


Table 6. iPL0610 Output Slew Rate 
vs Number of Outputs Switching 


Transition 
Package No. of Outputs 
Slew 
Type 
Switching 
Rate (V/ns) 
L-+H 
PDIP 
2 
1.1 
PDIP 
8 
1.1 
PDIP 
15 
1.0 
- - -- 
------- 
------ 
CerDIP 
2 
1.1 
CerDIP 
8 
1.0 
CerDIP 
15 
0.9 
H-+L 
PDIP 
2 
1.3 
PDIP 
8 
1.2 
PDIP 
15 
1.2 
- - -- 
------- 
------ 
CerDIP 
2 
1.3 
CerDIP 
8 
1.2 
CerDIP 
15 
1.1 


Vcc = 5.OV 
Temp. 
= 25°C 


"omomatlOnal 
LOgiC perfOrmanCe 
(tpo) 


This section shows how propagation 
delay for the 


iPLD610 is affected by factors that vary from one ap- 
plication to another. Note typical parts have propaga- 
tion delays 1-2 ns below the value specified in the data 
sheet. Data such as this can aid designers required to 
"fine tune" their designs and/or 
provide worst-case 


timing analyses. 


As the number of device outputs switching simulta- 
neously increases, average propagation delay through 
devices also increases. This increase is related to pack- 
age power and ground leads to channel the additional 
current. Figure 11 shows the relation of tpD to the 
number of outputs switching. Note, this data reflects 
worst case conditions (high temperature, low Vcd and 
all outputs have loads as specified in theiPLD610 
data 


sheet. 
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Knowledge of how devices behave as capacitive loading 
is increased is an important consideration when design- 
ing high-speed systems. Figure 12 shows derating from 


specified values for a typical iPLD610 at high tempera- 
ture, low Vcc conditions for both low-to-high and 
high-to-Iow transitions as capacitance increases. 


Conditions: 
TA = 70·C 
Vcc 
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As additional p-terms for a macrocell are used, internal 
device loading causes propagation delay to increase or 
decrease slightly. Figure 13 shows this slowdown for 
the iPLD610 at room temperature conditions with 1 
output switching. 


Provided in this figure is the worst case variation be- 
tween low-to-high and high-to-low graphs (including 


variation due to logic inversion (ON or OFF). This pro- 
vides an envelope inside which any other conditions 
will fall. Designers can see that the worst case variation 
is less than 1 ns. Further characterization 
shows this 
variation does not change very much over temperature. 
The absolute values shown in this figure are from "typi- 
cal" iPLD610 devices. 
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Temp. 
= 25'C 
Vcc = 5.0V 
CL = 30 pF 
1 OutputSWitching 


tCOI (clock to register output valid) is in the 2.0 ns to 
7.0 ns range for the iPLD61O-1O.As shown in Figure 
14 the tCOI value varies only slightly (less than 700 ps) 
over the operating temperature range of this device. 


This data demonstrates to designers that the tCOI value 
is fairly constant over temperature, which eases their 
task in performing a worst-case circuit analysis. This 
figure shows the tCOI characterization 
at VCC = 
4.75V (the worst-case value). There is virtually no vari- 
ation in H -+ L characterization 
with VCC varied 
from 4.75V to 5.25V. There is a small variation (less 
than 0.5 ns) in the L -+ H transition 
due to VCC 
changes. The result is a tcol value that does not change 
much over temperature and VCC. 
Vcc 
= 4.75V 
1 Output Switching 
Spec. Load 


When registers 
within 
the same programmable 
logic de- 
vice are clocked 
(using 
the synchronous 
clock 
input). 
ideally 
all outputs 
would 
change 
state 
simultaneously. 
This does not reflect 
the reality 
of differences 
in inter- 
nal clock 
routing 
and 
ground 
path 
differences. 
Thus. 
there 
is some 
skew between 
outputs. 
As long as this 
skew remains 
small 
there 
is no impact 
on system 
de- 
sign. Large 
skews can cause a need for additional 
syn- 
chronization 
logic and 
re-evaluation 
of system 
timing 
constraints. 


Due to its high-speed 
double 
metal process. 
the output 
skew on the iPLD610 
is very tight. 
Typical 
skew be- 
tween 
fastest 
and 
slowest 
register 
within 
one 
"bank" 
(i.e .• clocked 
by the same clock pin) is shown 
in Table 
7. 


Table 7.IPLD610 
Reglster~to-Register 
Skew Characterization 


O·C 
70·C 


High to 
Low to 
High to 
Low to 
Low 
High 
Low 
High 
(ps) 
(ps) 
(ps) 
(ps) 


120 
310 
120 
340 


ASYNCHRONOUS 
REGISTER 
OPERATION 
CHARACTERISTICS 


In 
addition 
to combinational 
logic 
and 
synchronous 
registered 
logic. the iPLD610 
can implement 
asynchro- 


nously-clocked 
registered 
logic. This 
means 
a product 
(AND) 
term can be used to control 
the register 
in any 
macrocell. 
Each macrocell 
has a separate 
product 
term 
which 
can be used for this purpose. 
Also. 
as discussed 
in Section 
3 there 
are a separate 
set of A. C. specifica- 
tions 
for asynchronous 
register 
operation. 
Two 
of the 
key specifications 
are the asynchronous 
clock-to-output 
delay (tACO!) and the asynchronous 
register 
setup time 
(tASU)' 


tAC01 Characteristics 


Knowing 
how this specification 
varies over supply 
volt- 
age (Vcd and temperature 
may be useful to a designer 
concerned 
with detailed 
system 
timing 
analysis. 
Figure 
IS shows 
this 
tACO! 
characterization 
(H -+ L tran- 
• 
sition only) and how small the changes 
are over both of 
these variables. 
This figure shows 
tCO! will increase 
if 
Vcc is decreased 
or if system 
temperature 
increases. 
although 
temperature 
has a much 
greater 
impact 
on its 
value. The total variation 
over both of these parameters 
is fairly small (less than 
2 ns) showing 
the solid design 
of the asynchronous 
circuitry 
of the iPLD61O. 


~.. 
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•• 
-1.00 
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Ycc = 4.75 
------- 
vcc = 5.00 


Ycc = 5.25 


1 Output Switching 
Spec. Load 


40 


remperature 
(Oc) 


voltage. Figure 16 presents the characterization of this 
specification. Of note are the very small changes over 
both 
temperature 
(less than 
50 ps over O"C-70"C 
range) and supply voltage (less than 350 ps variation 
over a 4.75V-5.25V range). Both of these show the 
exceptional stability of this circuitry. 


Another important specification related to asynchro- 
nous register operation is tASU,the register setup time. 
A designer performing circuit analysis may need to 
know how this may vary over temperature and supply 


0.0 
- - - - - - - - - - - - - - - • tASU • - - - - - - - - - - - - - - - - - .•. 


vcc = 4.75 


Vcc = 5.00 


Vcc = 5.25 


1 Output 
SWitching 
Spec. Load 


There are no issues with exceeding the 64 mA current 
for short periods of time, (up to 192 mA total), howev- 
er, the average current consumption 
should not be 
above this level. 


Designers should note the method of 10L specifications 
in the iPLD610 data sheet. Each output can sink up to 
12 mA (while meeting the specified VoL>. However, 
the average (DC) load for each bank of macrocells (110 
pins) is 64 mA. This means the DC load for macrocells 
1-8 (pins 3-10) should not exceed 64 mA. This same 
limitation applies to macrocells 9-16 
(pins 15-22). 


Another important aspect of output driver capability is 
the 10 vs VOLand VOH-The curves in Figure 17 dem- 
onstrate the current 
source/sink 
capabilities over a 
range of output voltages. 
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Other Design 
Considerations 


High-performance 
CMOS devices such as the iPLD610 
are capable 
of driving 
large loads 
at fast edge rates. 
This capability 
means 
that 
noise control 
must 
be an 
important 
consideration 
during 
system 
design. 
Multi- 
layer PC boards utilizing ground and power planes pro- 
vide low resistance 
and low inductance 
connections 
be- 
tween the power sources and devices. 


System noise control 
also requires good decoupling 
ca- 
pacitance. 
Boards with power and ground planes but no 
decoupling 
capacitors 
can 
still have 
noise 
problems. 
High 
speed 
transients 
of devices 
may demand 
up to 
500 mA of current, 
which can result in a volt or more 
of switching noise on the local supply lines. Decoupling 
capacitors 
can help prevent 
this performance 
degrada- 


tion by providing 
a local power source 
during 
output 
transitions. 
With the addition 
of decoupling 
capacitors, 
it is possible to reduce the local supply noise to 200 mV 
or less. 


Capacitor 
selection 
is important 
for this 
application 


since 
the frequencies 
involved 
in high-speed 
systems 
can exceed 
100 MHz. 
High-frequency 
capacitors 
are 
called for. The capacitors 
should provide low series in- 
ductance; 
lead less chip caps are the best choice, 
with 


short 
leaded 
capacitors 
as a more 
available 
second 
choice. The equivalent 
circuit for a capacitor 
is a series 


resonant 
circuit. If the inductive 
element in the capaci- 
tor is too high, the capacitor 
will appear 
inductive 
at 
high frequencies. 


Assuming 
that 
everything 
possible 
has been 
done 
to 
manage 
noise on the supply 
lines outside 
the device, 


internal 
noise can still be a problem. The internal 
noise 
generated 
during switching 
transients 
is caused by out- 
put butTer design, package design, and output 
loading. 


Some suggestions 
for reducing 
noise are as follows: 


• 
Select a low-inductance 
package such as PLCC. 


• 
Reduce the output 
loading. 


• 
Reduce 
the 
number 
of simultaneously 
switching 
outputs. 


• 
Limit the voltage swing to OV-3V 
by correctly 
ter- 


minating 
outputs 
with resistors 
to ground. 


Designing 
high-speed 
P.C. boards requires closer atten- 
tion to design issues that are not as important 
for slow- 
er systems. These elements 
include: 


• 
Termination 
of transmission 
lines. 


• 
Clock signal routing. 


• 
Power distribution 
and heat dissipation. 


• 


The iPLD61O's high speed and architectural flexibility 
can be applied to many of today's system design prob- 
lems. Applications requiring storage and decode of 
more than 8 bits, high-performance registers, state ma- 
chines, and control logic all find a solution in the 
iPLD61O. 


The following is a list of several application ideas for 
the iPLD61O: 
(a) Bus Controller: For 386, 486 or other microproces- 
sors. The PLD can integrate bus state tracking, 
READY logic and bus status decoding. 


(h) Shared Memory ArbitrationlBus Control: Useful 
for intelligent EISAIMCA cards, multiprocessor 
system designs and applications requiring sharing 
of resources on a common bus. 


(c) Custom Control Register: The iPLD610 imple- 
ments an 8-bit, high-speed, bidirectional register. 
Additional decode of each register bit provides dis- 
crete control signals to microprocessor and periph- 
eral devices. 


These applications will be discussed further to help you 
fully use the architecture and performance of the 
iPLD610. 


In every 80386DX microprocessor system, bus control 
logic must be implemented to provide an interface to 
system peripherals, I/O devices, and system memory. 
The bus controller requirements can vary in complexity 
depending on system performance, memory hierarchy, 
and other factors. Figure 18 shows an example of an 
80386 subsystem with an iPLD610 bus controller. The 
bus controller decodes processor status signals, pro- 


manages bus'cycle timing. In this case the bu·scontrol- 
ler implemented performs the following functions: 


Decode of 386 bus status signals to generate 
EPROM control, Interrupt 
Acknowledge cycles 


and I/O ReadlWrite signals. In addition, the I/O 
READY indication is generated. 
Bus Transceiver Control (OE Control) 
Bus State Tracking functions to determine if the bus 
is active or if a pipelined bus cycle is occurring. 


Each of these three functions represent interdependent 
state machines. These state machines were designed 
and implemented using the ABEL logic compiler from 
Data I/O Corp. 


The design file for the 386 bus controller is shown in 
Figure 19. Note the device name used "E0600" is valid 
for all devices with architectures compatible with the 
iPLD610. This would include the Intel 8SC060,SC060 
and the Altera EP600, 610, 630, among others. This 
ABEL source file was implemented in the same fashion 
as common PALs or GALs, although the extended fea- 
ture of the iPLD610 are available to the designer. 


One note, when using test vectors with an ABEL 
source file be sure to toggle the proper clock or clocks. 
The iPLD610 has two synchronous clock inputs and 
when in doubt, toggle both. Another ABEL feature 
which is relevant to the iPLD610 is the "ISTYPE" 
statement. This can be used by the designer if specific 
register types, feedback or invert options are required 
for any iPLD610 implementation. Upon successful 
compilation of this source file by ABEL, a .DOC file 
(see Figure 20) was generated (along with the required 
JEDEC file) which shows the reduced equations and 
device pin-out. This bus state tracker will work for 
80386DX designs up to 33 MHz (CLK2 = 66 MHz) 
due to the iPLD61O's state machine frequency specifi- 
cation (FeNT,) of 66 MHz. 
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module 
pst060; 
flag 
'-r3'; 
title 
'io controller/ 
bus 
state 
tracker 
intel 
corporation' 


"This pld generates 
lORD', 
IOWR', 
EPRD', 
and 
INTAII for the 
"peripheral 
subsystem. 
It decodes 
and 
responds 
to the 
following 
"bus cycles: 
i/o read, 
i/o write, 
memory 
read 
(with A31 high), 
"interrupt 
acknowledge, 
halt, 
and shutdown. 
Also, 
it performs 
"bus state 
tracking 
functions 
which 
determine 
when 
the bus 
is 


"active. 


U1 device 
'E0600'; 
h,l,c,x,p 
1,0, .C., .X., .P.; 


gnd pin 
12; 
vcc pin 
24; 


clk2 pin 
13; 
elk2a pin 
1; 
elk pin 
2; 
na pin 
3; 
l1Iiopin 
23; 
wr pin 
5; 
jc pin 
6; 
pa3l pin 
7; 
tillledlypin 
8; 
bUscyc 
pin 
9; 


"80386 
CLK2 
"80386 
CLK2 
"low during 
phase 
1, high 
during 
phase 
2 
"low to begin 
bus 
cycles 
"high during 
memory 
cycles, 
low for 
i/o 
"high 
for write, 
low 
for read 
"high 
for data 
cycles, 
low for control 
cycles 
"processor 
address 
A31 
"time delay 
input 
"low during 
active 
bus 
cycles 


recv pin 
15; 
iord pin 
16; 
iowr pin 
17; 
eprd pin 
18; 
inta pin 
19; 
trioen 
pin 
20; 
iordy pin 
21; 


ads pin 
14; 
ready pin 
11; 


"low during 
float 
and 
recovery 
"low to read 
io 
"low to write 
io 
"low to read 
eproms 
"low 
for interrupt 
acknowledge 
"low to enable 
io transceiver 
"low to indicate 
ready 


"low to begin 
bus 
cycles 
"low to end bus 
cycles 


aleio 
pin 
22; 
pipecyc 
pin 
4; 
"high to make 
address 
latch 
transparent 
"low after 
pipelined 
bus cycles 


idle 
ioread1 
ioread2 
iowrite1'" 
iowrite2= 
epread1 
epread2 
intak1 
intak2 
recover 


[1,1,1,1,1,1]; 
[0,1,1,1,1,1]; 
[0,1,1,1,0,1]; 
[1,0,1,1,1,1]; 
[1,1,1,1,0,1]; 
[1,1,0,1,1,1]; 
[1,1,0,1,0,1]; 
[1,1,1,0,1,1]; 
[1,1,1,0,0,1]; 
[1,1,1,1,1,0]; 


(liord & elk) • 
(!iowr & elk) • 
(!inta & elk) t 
(!aleio 
& 
!elk); 


state diagram 
[trioen]; 
state-1: 
"idle 
if (na & !buseye & !mio & !pa31 & reev & elk) then 0 
else if (na & !buseye & mio & pa31 & reev & elk) then 
0 
else 1; 


if (Iiordy & elk) then 
1 
else if (buseye & elk) then 1 
else 0; 


state_diagra. 
[iord, iowr, eprd, 
inta, iordy, recv]; 
state idle: 
case 
na & Ibuseye & pa31 
& !wr & elk: epread1; 
na & Ibuscye & !pa31 & !mio & de & wr & elk: iowrite1; 
na & Ibuscye & Ipa31 & Imio & de & !wr & elk:ioreadl; 
na & Ibuscye & Ipa31 & Imio & !de & Iwr & elk: intak1; 
na & Ibuseye & mio 
& !de & wr & elk: iowrite2; 
"halt 
endease; 


state epread1: 
if (ltimedly & elk) then epread2 
else epread1; 
state epread2: 
if (elk) then 
idle else epread2; 
state iowritel: 
if (Itimedly & elk) then iowrite2 else iowritel; 


if (!mio & elk) then recover 
else if 
(mio & elk) then idle 
else iowrite2; 
if (!timedly & elk) then ioread2 else ioreadl; 
if (elk) then 
recover 
else ioread2; 
if (Itimedly & elk) then intak2 else intakl; 
if (elk) then recover 
else intak2; 
if (!timedly 
& elk) then idle else recover; 


state ioread1: 
state ioread2: 
state intakl: 
state intak2: 
state recover: 


state_diagram 
[buseye, pipeeye] 
state[l,l]: 
"idle 
if 
(lads & elk) then 
[0,1] 
else 
[1,1]1 


state 
[0,1]: 
"active 
if (Iready & ads & elk) then 
[1,1] 
else if (!ready & lads & elk) then 
[1,0] 
else 
[0,1]; 


• 


state 
[1,0]: 
"pipelined 
if(clk) 
then 
[0,1] 
else 
[1,0): 


state 
[0,0]: 
"illegal 
goto 
[1,1); 


""""""n"""""""""""""""""""""""""'I""""""""""II""II"""I'III"'""""'III"'II'HI'"" 
test vectors 
([clk2,clk2a,clk,na,mio,wr,dc,pa3l,timedly,buscyc] 
-> 
- 
[iord,iowr,eprd,inta,iordy,recv); 


[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 
[c,c,h,h,h,h,h,h,h,h) 
-> 
[h,h,h,h,h,h]: 
"idle 


[c,c,h,x,x,x,x,x,x,l) 
-> 
[h,h,h,h,h,h]: 
"preload 
bUscyc 
[c,c,h,h,h,l,l,h,h,l) 
-> 
[h,h,l,h,h,h]; 
"eprom 
read 
[c,c,h,h,h,l,l,h,h,l) 
-> 
[h,h,l,h,h,h): 
"eprom 
read 
[c,c,h,h,h,l,l,h,h,l) 
-> 
[h,h,l,h,h,h]; 
"eprom 
read 
[c,c,h,h,h,l,l,h,h,l] 
-> 
[h,h,l,h,h,h]: 
"eprom 
read 
[c,c,h,h,h,l,l,h,l,l] 
-> 
[h,h,l,h,l,h] ; 
"eprom 
read 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]; 
Rio read 
[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]; 
Rio read 
[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]: 
Rio read 
[c,c,h,h,l,l,h,l,h,l] 
-> 
[l,h,h,h,h,h]: 
Rio read 
[c,c,h,h,l,l,h,l,l,l] 
-> 
[l,h,h,h,l,h]: 
"io read 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,l,h] 
-> 
[h,h,h,h,h,h]: 
"idle 


[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]; 
"io write 
[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h] ; 
"io write 
[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]; 
"io write 
[c,c,h,h,l,h,h,l,h,l] 
-> 
[h,l,h,h,h,h]: 
"io write 
[c,c,h,h,l,h,h,l,l,l] 
-> 
[h,h,h,h,l,h]; 
"io write 
[c,c,h,h,l,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,l,h] 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]: 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]; 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]: 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,h,l] 
-> 
[h,h,h,l,h,h]: 
"interrupt 
ack 
[c,c,h,h,l,l,l,l,l,l] 
-> 
[h,h,h,l,l,h]; 
"interrupt 
ack 
[c,c,h,h,h,h,h,h,h,h) 
-> 
[h,h,h,h,h,l]: 
"recovery 
[c,c,h,h,h,h,h,h,h,h) 
-> 
[h,h,h,h,h,l]; 
"recovery 
[c,c,h,h,h,h,h,h,l,h) 
-> 
[h,h,h,h,h,h]; 
"idle 


[c,c,h,h,h,h,l,l,h,l) 
-> 
[h,h,h,h,l,h]; 
"halt or shutdown 


[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]; 
"idle 
[c,c,h,h,h,h,h,h,h,h] 
-> 
[h,h,h,h,h,h]: 
"idle 


[p,h,l,l) 
-> 
[x,x) 
[c,l,h,h) 
-> 
[x,h] 
-id1e-busy-id1e 


[c,h,h,l) 
-> 
[h,h] 
[c,l,h,h] 
-> 
(h,h] 
[c,h,l,h) 
-> 
(l,h) 
[c,l,h,l) 
-> 
(l,h] 
(c,h,h,l) 
-> 
(h,h] 


(c,l,l,h) 
-> 
(h,h]; 
-id1e-busy-pipe-busy 


(c,h,l,h) 
-> 
[l,h]; 
(c,l,h,l) 
-> 
(l,h]; 
(c,h,l,l] 
-> 
[h,l]; 
(c,l,l,h] 
-> 
(h,l] ; 
(c,h,h,h) 
-> 
(l,h] ; 


(c,h,h,l) 
-> 
(h,h]; 
-id1e-busy-busy-id1e 


(c,l,h,h) 
-> 
(h,h]; 
(c,h,l,h) 
-> 
(l,h] ; 
(c,l,l,h) 
-> 
(l,h]; 
[c,h,h,h] 
-> 
(l,h); 
(c,l,h,h] 
-> 
(l,h]; 
(c,h,h,h] 
-> 
(1,h); 
(c,l,h,c) 
-> 
(l,h]; 
(c,h,h,l) 
-> 
(h,h]; 
(c,l,h,h) 
-> 
[h,h]; 


end pst060; 


Figure 19. iPLD610 ABEL Source FOe for 386 Bus Controller 
(Continued) • 


AP-339 
.-n+_I 
'eI~ 


Page 
1 
ABEL(tm) 
3.20A 
Document 
Generator 
17-Jul-90 
06:26 PM 
io eontroller/ 
bus 
state 
tracker 
intel corporation 
Equations 
for Module 
pst060 


!trioen := (!elk & !trioen 
f 
!buseye 
& !trioen & iordy 
f 
elk & na & mio & pa31 
& !buseye & reev & trioen 
f 
elk & na & !mio & !pa31 & !buseye 
& reev & trioen); 


!iord 
:= (Ielk & reev & !iord & iowr & eprd & inta 
f 
reev & !iord & iowr & eprd & inta & iordy 
f 
elk & na & !mio & !wr & de & Ipa31 & !buseye & reev & iowr & 
eprd & inta & iordy); 


liowr 
:= (Ielk & reev & iord & !iowr & eprd & inta & iordy 
• timedly 
& reev & iord & liowr & eprd & inta & iordy 
• elk & na & !mio & wr & de & !pa31 & !buseye & reev & iord & 
iowr & eprd & inta & iordy); 


!eprd := (Ielk & reev & iord & iowr & leprd & inta 
• recv 
& iord & iowr , 
leprd , inta 
, iordy 
• elk' 
na & !wr , pa31 
& Ibuseye & reev & iord & iowr & inta 


& 
iordy); 


!inta 
:- (!elk & reev 
, iord & iowr , eprd 
, linta 
• reev 
, iord & iowr & eprd & linta & iordy 
• elk' 
na & !mio & !wr & !de , !pa31 & !buseye & reev 
, iord 
& iowr , eprd & iordy); 


!iordy := (Ielk , reev & iord & iowr & eprd 
& liordy 
f elk & Itimedly 
, reev 
, iord & iowr & eprd 
& linta & iordy 


f 
lelk & reev , iowr & eprd , inta & liordy 
• elk' 
Itimedly 
& reev 
& !iord & iowr & eprd 
& inta & iordy 


• elk & !timedly 
& reev 
& iord & !iowr & eprd 
& inta , iordy 


f 
lelk & recv & iord & iowr & inta & !iordy 
• elk & !timedly & reev 
, iord & iowr & !eprd & inta & iordy 


f 
elk & na & mio 
& wr & !de & Ibuseye & reev & iord & iowr & 
eprd & inta & iordy); 


!reev 
:- (!elk & !reev , iord & iowr & eprd & inta & iordy 
• timedly 
& Ireev & iord 
, iowr & eprd 
& inta & iordy 
• elk & reev & iord & iowr & eprd 
, !inta & !iordy 
f 
elk & reev & liord & iowr & eprd 
& inta & !iordy 
f 
elk & !mio & reev 
& iowr & eprd & inta & !iordy); 


!buseye 
:= (elk , bus eye 
, 
!pipeeye 
• !elk , 
!buseye 
, pipeeye 
• 
!buseye 
, ready 
, pipeeye 
t elk' 
buseye 
, 
lads); 


!pipeeye 
:= 
(Ielk , buseye 
, 
!pipeeye 
• elk' 
Ibuseye 
, 
lads' 
!ready 
'pipeeye); 
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gnd 
12 
13 
elk2 


--- ---- -------- ------- 
•• 


5.2 Shared Memory Arbitration/Bus 
Control 


Sharing resources (usually memory) on a common bus 
is becoming more and more common in today's system 
designs. Not only are many systems, including personal 
computers, being implemented as multiprocessors, but 
peripheral 
controllers are becoming more intelligent 
and capable of controlling the bus by themselves. Thus, 
arbitration logic is required to determine which proces- 
sor/controller 
currently has control of each shared re- 
source. In addition, the designer may want to incorpo- 
rate a variety of associated functions including: 
• READY Logic (Bus Cycle Control) 


• Address Pipelining Support 
• Memory Burst Control 
• Wait-State Generation 
• I/O Chip Select Logic 
• Bus Throttling Logic 
• DRAM Control/Refresh 
Logic (if used instead of 
SRAM) 
• EPROM Control Logic (if microprocessor code is 


not in SRAM) 


The example to be discussed here is an intelligent EISA 
communications add-in card (see Figure 21). The arbi- 
tration logic must decide if the communications con- 
troller, on-board microprocessor or EISA bus control- 
ler has access to the on-board static RAM (SRAM). 
The on-board SRAM mainly acts as a high-speed data 


EISA 
Bus 
Master 


Grant 


Hold Request 


CS· 


buffer for the communications controller to off-load the 
EISA bus by providing block size transfers. The on- 
board microprocessor initializes the EISA control logic 
and communications controller and provides handling 
of local interrupts/error 
conditions. A block diagram of 


the system and required logic are provided by Figures 
21 and 22, respectively. The "communications control- 
ler" may be implementing an ISDN, high-speed serial, 
Ethernet, FDDI or other communications link. Often 
these devices can themselves control the local bus and 
provide DMA capabilities to move data to and from 
memory. Also, many of these controllers have on-board 
data FIFOs that may necessitate a need for bursting 
data to/from the local memory. 


Each of the three bus control-capable devices is as- 
sumed to have "Bus Request" and "Bus Grant" signals 
that are routed to the arbitration logic. The iPLD610 
provides 8 product terms (in addition to separate OE 
and RESET product terms) in each macrocell, which 
allows for increased flexibility in choosing an arbitra- 
tion scheme. Common schemes include fixed priority, 
rotating (or last granted, lowest priority), or First- 
Come, First-Serve. In this example a rotating priority is 
implemented to assure a balance of accesses between 
the devices, and to decrease the worst-case service time 
to help prevent data underflow/overflow. 
Figure 23 


shows the state diagram of the 3-way bus arbitration 
logic. This method is easily expandible if more bus mas- 
ters were present, as would be the case for DRAM Re- 
fresh requests and/or 
multiple communications 
con- 
trollers or in a multiprocessing system. 


Communications 
Controller 
(Ethernet, 
FOOl, 
SOLC, High-Speed 
Serial) 


Grant 


Hold Request 


CS· 


}o'P Bus request 
EISA Control 
Com m. Control Req. 


Xf 


XX 


EISA 
BUS 
MICROPROCESSOR 
CNTL 
GRANT 
BUS 
GRANT 


COMM 
CNTL 
BUS 
GRANT 


• 


This state machine could easily be changed to default to 
grant the bus to the microprocessor when no device 
requests are active. 


In this implementation each bus grant allows the grant- 
ed device to execute a "burst transfer". Thus, a counter 
is needed to keep track of the following: 


Device 
Burst 
Data 
Transfer 
Transfer 
Size 


Microprocessor 
1 
16-bit 


Comm Controller 
8 
16-bit 


EISA Controller 
8 
16-bit 


The burst counter counts the number of times READY 
("bus cycle completed") 
is generated and ends the 
transaction after the appropriate number of transfers, 
which signals the arbitration logic to re-arbitrate the 
local bus. This means the size of each transfer in the 
burst is transparent 
to the burst logic. Logic is also 
required to generate local chip selects for the RAM, 
Comm Controller and EISA Bus Controller. The mem- 
ory map for each device is the same (i.e., the SRAM, 
etc. are at the same addresses for each device) and there 
are very few addresses required to implement this sys- 
tem, therefore the chip selects are generated from two 
high-order address lines. These chip selects are routed 
to the appropriate devices and used internally by the 
wait-state generator, which counts the number of cycles 
programmed for each chip select before activating the 
READY signal. This implementation shows relatively 
few inputs are needed, but many registers (both for in- 
ternal and external signals) are required as summarized 
below: 


Inputs 
= 
7 } 
Registers 
(Internal) 
= 
6 
Totall/O's 
= 
20 


Outputs 
= 
7 


An added feature of the iPLD6lOarchitecture is the use 
of two separate clock pins. This means half of the mac- 
rocells have CLKI (pin I) as the source for their syn- 
chronous clock and the other half have CLK2 (pin 13) 


as their source for the synchronous clock. The advan- 
tage of this "dual" clocking can be very useful in this 
design. The system clock may be run at 25 MHz and 
therefore this clock would be used for the Grant and 
Chip Select logic. It may be desireable to have a higher 
clock rate, such as 50 MHz, for the wait state generator 
to have a finer time granularity for wait times. This 
could increase the bus utilization greatly depending on 
how closely the actual access times can be matched. 


Another 
feature 
of the iPLD610 
architecture 
that 
proves useful for this application is the product term in 
each macrocell for asynchronous clocking. This allows 
the burst counter to count "READY's" 
until it reaches 
the terminal count. Figure 24 provides a Data I/O 
ABEL source file for the iPLD610 in this application. 
Note this PLD is as easy to design with as PALs or 
other devices using standard tools such as ABEL. 


If more features are required, this existing iPLD610 
design can be enhanced by a simple upgrade to the Intel 
iPLD91O. Using this existing design as a baseline, the 
following requirements are added: 


• Pipelined Address Support 


• EPROM Select 
• Support of "Shadow RAM" for EPROM 
• Increase Burst Support to 64 Transfers 
• Bus Transceiver Control Logic (to support sepa- 
rate/simultaneous 
transfers) 


Pipelined address support is accomplished by generat- 
ing an NA (Next Address) signal one cycle before each 
READY. The EPROM chip select can be generated 
from the internal chip select logic. Also, a "Shadow 
RAM" could be supported if the on-board microproc- 
essor had a need to decrease interrupt service times or 
other functions. At boot-up, the EPROM, containing 
the microprocessor's instruction code, can be copied 
into much faster SRAM. Thus, the EPROM 
would 
only be accessed after each RESET, and code would be 
executed out of the faster SRAM. Increasing burst sup- 
port to 64 transfers would be accomplished by expand- 
ing the burst counter from 4 to 6 macrocells. 


module 
arb 
cntl 
flag 
'-UL', 
'-r3' 
title 
'Arbitration/Bus 
control 
logic 
John 
Casey 
Intel 
Corp. 
July 
1990' 


"THIS 
IS A 
SAMPLE 
FILE 
ONLY. 
THIS 
CIRCUIT 
PROVIDES 
A GENERAL 
SOLUTION 
!!! 


"inputs 
clk1 
clk2 
procreq 
commreq 
eisareq 
addr1 


addr2 
ale 
reset 


"outputs 
procgrant 
commgrant 
eisagrant 
ready_ 
commcs 
eisacs 
sramcs 


pin 
1; 
pin 
13; 
pin 
2; 
pin 
23; 
pin 
11; 
pin 
14; 


"33 MHz 
clock 
input 
"33 MHz 
clock 
input 
"microprocessor 
local 
bus 
request 
"comm 
controller 
local 
bus 
request 
"on-board 
eisa 
controller 
local 
bus 
req. 


"address 
input 
used 
for 
chip 
select 
dec. 


pin 
3; 
pin 
5; 
pin 
22; 


"address 
input 
used 
for 
chip 
select 
dec. 
"ale 
(or ads/) 
- represents 
valid 
addr. 
"board 
reset 
- used 
to 
set 
initial 
state 


pin 
6; 
pin 
7; 
pin 
8; 
pin 
9; 
pin 
10; 
pin 
15; 
pin 
21; 


"processor 
local 
bus 
grant 
"communications 
controller 
local 
bus 
grant 
"on-board 
eisa 
controller 
local 
bus 
grant 
"indicates 
end 
of 
current 
bus 
cycle 
"comm 
controller 
chip 
select 
"local 
eisa 
bus 
controller 
chip 
select 
"sram 
chip 
select 


"buried 
functions 
burstO 
pin 
16; 
burst1 
pin 
17; 
burst2 
pin 
18; 
burstdone 
pin 
19; 
waito 
pin 
20; 


"part 
of burst 
counter 
logic 
"part 
of burst 
counter 
logic 
"part 
of burst 
counter 
logic 
"active 
at 
end 
of 
current 
burst 
count 
"lower 
bit 
of wait 
state 
count 
logic, 
"ready 
represents 
output 
of 
this 
logic 
"upper 
bit 
of wait 
state 
count 
logic 


"macrocell 
control 
burstO, 
burst1, 
burst2, 
burstdone 
waitO, 
wait1 


"busarb 
valid 
sO 
AbOOO; 
sl 
AbOOI; 
s2 = Ab010; 
s3 = 
AbIOO; 


istype 
'feed_reg'; 
istype 
'feed_reg'; 


states 
(for the 
bus 
arbitration 
state 
machine) 
"no 
grant 
active 
"microprocessor 
grant 
active 
"comm 
controller 
grant 
active 
"eisa 
bus 
controller 
grant 
active 


"wait 
state 
generator 
valid 
states 
wsO 
= AbOOO; 
wsl = 
AbOIO; 
ws2 


"burst 
state 
bsO 
AbOOO; 
bsl 
Ab001; 
bs2 
Ab010; 
bs3 
AbOII; 


machine 
bs4 
bs5 
bs6 
bs7 


AbIOO; 
AbIOI; 
Ab110; 
Ab11l; 


• 


commcs 
:= !addr1 
& !addr2: 
commcs.clk 
= 
!ale_: 
"address 
mapping 
will 
vary 
"ale 
is async 
clock 


eisacs 
:= !addr1 
& addr2r 
eisacs.clk 
= 
!ale_: 


sramcs 
:= addr1 
& !addr2: 
sramcs.clk 
= 
!ale_: 


burstO.clk 
burst1.clk 
burst2.clk 


ready 
: 
ready=: 
ready_: 


"Reset 
signal 
sets 
all 
procgrant.re 
= reset: 
commcs.re 
= reset: 
burstO.re 
= reset: 
waitO.re 
= reset: 


registers 
low 
commgrant.re 
= reset: 
eisacs.re 
= reset: 
burst1.re 
= reset: 
wait1.re 
= reset: 


eisagrant.re 
= reset: 
sramcs.re 
reset: 
burst2.re 
= reset: 


"busarb 
state 
machine 
uses 
a rotating 
(last grant, 
lowest 
priority) 
scheme 
"which 
allows 
bus 
accesses 
to be 
balanced. 
If no 
request 
then 
returns 
to 
"state 
000 
which 
allows 
microprocessor 
to 
be III priority 
(this 
is due 
to 
"requirement 
to 
quickly 
service 
interrupts. 


state_diagram 
[procgrant, 
commgrant, 
eisagrant] 
state 
sO: 
if 
(burstdone 
& procreq) 
then 
sl else 
sO: 
if 
(burstdone 
& commreq 
& !procreq) 
then 
s2 
else 
sO: 
if 
(burstdone 
& eisareq 
& !commreq 
& !procreq) 
then 
53 else 
sO: 


State 
51: 
if 
(burstdone 
& commreq) 
then 
s2 else 
sO: 
if 
(burstdone 
& eisareq 
& !commreq) 
then 
s3 else 
sO: 
if 
(burstdone 
& procreq 
& !eisareq 
& 
!commreq) 
then 
51 
else 
sO: 


state 
52: 
if 
(burstdone 
& eisareq) 
then 
53 else 
sO: 
if 
(burstdone 
& procreq 
& !eisareq) 
then 
51 
else 
sO: 
if 
(burstdone 
& commreq 
& !procreq 
& !eisareq) 
then 
53 else 
sO: 


State 
53: 
if 
(burstdone 
& procreq) 
then 
51 else 
sO: 
if 
(burstdone 
& commreq 
& !procreq) 
then 
52 else 
sO: 
if 
(burstdone 
& 
eisareq 
& !commreq 
& !procreq) 
then 
s3 else 
sO; 


"This 
wait 
state 
generator 
can 
support 
accesses 
up 
to 
4 clocks 
long. 
"The 
EISA 
controller 
and 
the 
comm 
controller 
each 
take 
4 cycles 
(2 wait 
"states) 
and 
the 
SRAM 
takes 
two 
cycles 
(zero w~it 
states). 


state_diagram 
[waitO, 
wait1, 
ready_] 


if 
(sramcs) 
then 
10153else 
10150: 
if 
(commcs * eisacs) 
then 
ws1 
else 
10150: 


"the burst 
logic state machine 
has a programmed 
burst 
length 
for each bus 
"grant. 
These 
are 8 transfers 
for the comm controller 
(fifo) and EISA bus 
"controller 
and one transfer 
for the microprocessor. 
When terminal 
count 
"is reached 
BURSTDONE 
will go active, 
indicating 
to the bus arbitration 
logic 
"that it should 
re-arbitrate 
the bus. 
At each state the bus grant 
is checked 
"to make 
sure it is still active 
(Le. 
that a full FIFO transfer 
is necessary). 


state_diagram 
[burstO, burstl, 
burst2) 
state bsO: 
if (procgrant) 
then bs7 else bsO; 
if (commgrant 
# eisagrant) 
then bsl else bsO; 


state bsl: 
if (!commgrant 
& 
leisagrant) 
then bs7 else bs2; 


state bs2: 
if (!commgrant 
& 
!eisagrant) 
then bs7 else bs3; 


state bs3: 
if (!commgrant 
& 
!eisagrant) 
then bs7 else bs4; 


state bs4: 
if 
(1commgrant 
& 
!eisagrant) 
then bs7 else bs5; 


state bs5: 
if 
(!commgrant 
& 
!eisagrant) 
then bs7 else bs6; 
• 


state bs6: goto bs7; 


state bs7: goto bsO; 


5.3 
High-Speed 
Custom Cantrall 
Status Register 


In many applications there exists a need for a high- 
speed dedicated control and/or 
status register. In 
multiprocessing systems there may be a need for a sys- 
tem control register; in a communications controller 
there may be a requirement for a system configuration 
control register. Figure 25 shows this general applica- 
tion'idea. There is a frequent requirement in system 
add-on card and adapter designs for a Read/Write reg- 
ister that also provides discrete status inputs and con- 
trol outputs. 


The destinations of these discrete signals can include a 
wide variety of functions that need to be under software 
control. The functions provided by this register can in- 
clude enable signals, transceiver/mux control and it 


can also include status indications such as a communi- 
cations error. The design, configuration and purpose of 
each bit of this register is individually selectable, which 
leads into a wide variety of applications. 


The iPLD610 is useful in this application due to these 
key architectural features: 
16macrocells (8 for data bus, 8 for control outputs/ 
inputs) 
separate product term for RESET (to set known 
power up state) 
four dedicated inputs (necessary for register con- 
trol) 
pin/register feedback capabilities and OE control 
(allows specialized I/O 
capabilities to be imple- 
mented) 


intel~ 


As shown in Figures 26 and 27, the iPLD610 uses these 
features to implement each bit of this control register. 
Not only is the architecture of the iPLD610 a perfect 
match for this application, but the performance level is 
so high (83.3 MHz register speed) that it can meet the 
zero-wait state requirements for most microprocessors. 
This provides very high-speed register access via Read- 
Modify-Write operations. 


Some applications may benefit from the power-down 
mode of the iPLD61O. If the register implemented is 
required only periodically, such as at power-on or after 
system resets, the power-down feature of the iPLD610 
can be programmed to allow power consumption to be 
in the 20 !LA (typical) range. Decreasing power con- 
sumption can have a positive impact on system reliabili- 
ty in addition to decreasing power supply and cooling 
requirements. 


Nlc 
(eLKI) 


(IN) REG.WR 
(OE) 


(I/O) 
OBO 


(I/O) 
OBI 


(I/O) 
OB2 


(I/O) 
OB3 


(I/O) 
OB4 


(I/O) 
OB5 


(I/O) 
OB6 


(I/O) 
DB? 


(IN) RESET 


GNO 


A sample design file is included in Figure 28. This dem- 
onstrates the ease of using the advanced architectural 
capabilities of the iPLD61O. This design file is written 
in the Intel ADF (Advanced Design File) format and is 
compiled by the iPLS II Development Tools. Since the 
creation of this example, Intel has updated its tools sup- 
port. Intel's newest tool, PLDshell Plus, is a free tool 
that supports Intel's entire PLD and FPGA product 
lines. (See the PLD Handbook or call the PLD hotline, 
I 800-628-8686, for more information on Intel develop- 
ment tools.) Figure 27 provides details on the actual 
logic implementation of each of the eight register/con- 
trol output cells. Each of these cells requires two mac- 
rocells of the iPLD61O. One macrocell forms the regis- 
ter portion and provides the control signal and the 
other provides the data bus interface (with output en- 
able controlled). 
• 


Writ. 


[nabl. 
(Clock) 


J. Casey 
Intel 
Corp. 
OPTIONS: 
TURBO=ON 
PART: 
iPLD6l0 


% 
This 
iPLD6l0 
PLD 
provides 
a sample 
design 
file 
for 
implementing 
a high 
performance 
customized 
control 
register. 
It includes 
an 8-bit 
register 
(D- 
type 
flip-flops) 
and 
eight 
discrete 
control 
outputs 
which 
are 
routed 
directly 
to peripherals, 
bus 
latches/transceivers, 
etc. 
The 
8-bit 
regist~r 
can 
be 
read 
and 
written 
by the 
system 
processor 
using 
the 
lower 
byte 
of the 
data 
bus. 


WR CLIC'13 


. REG 1IR 12 
RESET III 
REG_CS 123 


OUTP!JTS: 


DBO 13 
DBl 
•• 
DB2 15 
DB3 
'6 
DB. 
17 
DB5 I. 
DB6 
'9 
DB7 110 


CTL 0IlT7 
115 
CTL-0IlT6 
116 
CTL-OUT5 117 
CTL-OUT4 118 
CTL:::0IlT3 119 
CTL 0IlT2 
120 
CTL-OIlTl 
121 
CTL:::OIlTO122 


1IR_CU<- 
INP(lIR_CLlt) 
REG_lIR - 
IIlP(REG_lIR) 
RESET - 
IIlP (RESET) 
REG_CS - 
IIlP(RIlG_CS) 


CTL_OUTO, CTLOUTOt - 
RORP(DBot,WR_CLK,RESET,GND,VCC) 
CTL_OUTl, 
CTLOUTlt 
- 
RORF(DBlt,WR_CLK,RESET,GND,VCC) 
~t==~;g~:~~ 
:::~g:~~:=-g~:::~::~:g:~~~~ 
CTL_0UT4, 
CTLOOT4t 
- 
RORP(DB4f,WR-CLK,RESET,GND,VCC) 
CTL_OUTS, 
CTLOUT5t 
- 
RORP(DB5t,WR=CLK,RESET,GND,VCC) 
gt=~~:g~:;~::6::~~:;~::=~~::~g:~:g:~~~~ 


• __ .I- 


OB1, 
OB2, 
OB3, 
OB4, 
OB5, 
OB6, 
OB7, 


• 
OB1f = COIP(iOB1,REG-OE) 
OB2f - COIF(iOB2,REG=OE) 
OB3f 
COIF(ioB3,REG_OE) 
OB4f - COIF(iOB4,REG_OE) 
OB5f - COIF(iOB5,REG_OE) 
OB6f 
COIF (iOB6,REG_OE) 
OB7f - COIF(iOB7,REG_OE) 


EQUATIONS: 


ioBO - CTLOUTOf; 
iOB1 - CTLOUT1f; 
iOB2 - CTLOUT2 f; 
ioB3 - CTLOUT3f; 
iOB4 - CTLOUT4f; 
iOB5 - CTLOUT5f; 
ioB6 - CTLOUT6fr 
ioB7 • CTLOUT7f; 


REG_OE 


~O$ 
• 
292074-42 
l---- 
_ 


Figure 
28. iPLS II Source 
File for iPLD610 
Custom 
Register 
Design 
(Continued) 


A .RPT (Report) file was generated by the Intel iPLS 
logic compiler. A JEDEC for the iPLD610 was also 
generated by the software. This .RPT file, included in 
Figure 29, shows the macrocell/p-term usage and de- 
vice pin-out as the device was implemented. 


This application demonstrates the effective combina- 
tion of architecture and performance provided by the 
Intel iPLD610 JLPLD.In essence, the performance in- 
crease over existing devices with identical architecture 
has opened more doors for additional uses. It is now 
clear how this devicecan be used in high-speed applica- 
tions-even 
when closely coupled to the microproces- 
sor. 


INTEL 
Logic 
Optimizing 
Compiler 
Utilization 
Report 
IPLS 
II FIT Version 
2.2 Beta3 
Level 
4.0i 
9/7/88 


J. Casey 
Intel 
Corp. 
OPTIONS: 
TURBO=ON 


Gnd - 
1 
24 
- 
Vcc 


REG_WR 
- 
2 
23 
- 
REG_CS 


DBO - 
3 
22 
- 
ell_DUTO 


081- • 
21 - ell_oun 


DB2 - 
5 
20 
- 
ell_DUT2 


083 - 
6 
19 - elLDun 


DB" 
- 
7 
18 
- 
CTL_OUU 


DBS - 
8 
17 
- 
ell_OUTS 


DB6 
- 
9 
16 
- 
ell_OUT6 


DB7 - 
10 
15 - 
ell_Dun 


RESET-l1 
14 
- 
Gnd 


Gnd - 
12 
13 
- 
WR_CLK 


292074-30 


··UU'.rt'UJ::;""· 


Name 
Pin 
Resource 
MCe11 
PTerms 
Sync Clock 


DBO 
3 
COIF 
9 
1/ 8 
DBI 
4 
COIF 
10 
1/ 8 
DB2 
5 
COIF 
11 
1/ 8 
DB3 
6 
COIF 
12 
1/ 8 
DB4 
7 
COIF 
13 
1/ 8 
DB5 
8 
COIF 
14 
1/ 8 


DB6 
9 
COIF 
15 
1/ 8 
DB7 
10 
COIF 
16 
1/ 8 
CTL_OUT7 
15 
RORF 
8 
1/ 8 
WR_CLK 


CTL_OUT6 
16 
RORF 
7 
1/ 8 
WR_CLK 


CTL_OUT5 
17 
RORF 
6 
1/ 8 
WR_CLK 


CTL_OUT4 
18 
RORF 
5 
1/ 8 
WR_CLK 


CTL_OUT3 
19 
RORF 
4 
1/ 8 
WR_CLK 


CTL_OUT2 
20 
RORF 
3 
1/ 8 
WR_CLK 


CTL_OUTl 
21 
RORF 
2 
1/ 8 
WR_CLK 


CTL_OUTO 
22 
RORF 
1 
1/ 8 
WR_CLK 


**INPUTS** 


Name 
Pin 
Resource 
MCe11 
PTerms 
Sync Clock 


WR_CLK 
13 
CKR 
REG_WR 
2 
INP 
RESET 
11 
INP 
REG_CS 
23 
INP 


**UNUSED RESOURCES** 


Name 
Pin 
Resource 
MCe11 
PTerms 


14 
INPUT 


**PART UTILlZATION** 


16/16 
Macrocells 
(100%)• 12% of used Pterms Filled 
3/ 4 
Input Pins 
(75%) 
PTerms Used 12% 


Figure 29. IPLS II Report 
File For The IPLD610 Custom 
Register 
Design (Continued) 


FEEDBACKS: 
MMMMM 
M M M 
MMMMMM 
M M 
0 0 0 0 0 0 0 0 
0 1 1 1 1 1 1 1 
1 2 3 4 5 6 7 8 
9 0 1 2 3 4 5 6 
CTL_OUTO · RORF 
@M1 -> · · 
* 
· @22 
CTL OUT1 · RORF 
@M2 -> · · 
* 
· @21 
CTL-OUT2 · RORF 
@M3 -> · · 
* 
@20 
CTL::::OUT3· RORF 
@M4 -> · · · · · · 
* 
@19 
CTL_OUT4 · RORF 
@M5 -> · · 
· · · · * 
· @18 
CTL OUT5 · RORF 
@M6 -> · · · · · · 
* 
@17 
CTL_OUT6 · RORF 
@M7 -> · · 
* · @16 
CTL_OUT7 · RORF 
@M8 -> · · · · · · · . 
· · · · 
* @15 


DBO ...... 
COIF 
@M9 -> * 
· · · · · 
· @3 
DB1 ...... 
COIF 
@M10-> · * 
· · · · 
· @4 
DB2 ...... 
COIF 
@Mll-> · · * · · · · . 
· · · · · 
@5 
DB3 ...... 
COIF 
@M12-> · 
* 
· · · · 
· @6 • 


DB4 ...... 
COIF 
@M13-> · · 
* 
@7 
DB5 ...... 
COIF 
@M14-> · · 
* 
· @8 
DB6 ...... 
COIF 
@M15-> · · · · · · * 
· · · · · 
· @9 
DB7 ...... 
COIF 
@M16-> · · · · · · · * 
@10 


INPUTS: 


REG_WR ... INP 
@2 
-> · · · · · · 
* * * * * * * * 
RESET .... INP 
@11 -> * * * * * * * * 
WR_CLK 
CKR 
@13 -> * * * * * * * * 
REG_CS 
INP 
@23 -> · · · · · 
* * * * * * * * 
C C C C C C C C 
0 0 0 0 0 0 0 0 


T TTTTTT 
T 
B B B B B B B B 
L LLLLLL 
L 
0 1 2 3 
4 
5 6 7 


00000000 
UUUUUUUU 
TTTTTTTT 
01234 
567 


= not connected 
* = signal feeds cell 
x = no connection 
possible 
? = error, unable to fit 


6.0 
iPLD610 
PROGRAMMINGI 
DEVELOPMENT 
SUPPORT 


Design development and device programming support 
are important issues for PLDs because the silicon is 
useless without them. Design development tools such as 
Intel's PLDshell Plus and Data I/O's 
ABEL are re- 
quired to convert state machine/boolean 
equation en- 
tries into the required device JEDEC file. The device 
programmer is then required to program each cell/fuse 
to configure the device to the user's needs. 


Since 
devices 
with 
architectures 
identical 
to 
the 
iPLD610 have been available for a number of years, 
there is an existing level of support for this PLD al- 
ready in existence. As mentioned earlier, the architec- 
ture, pin-out, and JEDEC 
map for the iPLD610 is 
identical to the Intel 85C060, 5C060, Altera EP600, 
EP61O, and EP630, AMD PALCE630, and TI EP610 
and EP630. Therefore, performance of existing designs 
using these devices can be improved by replacing these 
parts using the existing design/JEDEC 
files. 


Full logic compilation and functional simulation for the 
iPLD610 is supported by PLDshell Plus software. 


intel~ 


PLDshell Plus design software is Intel's user-friendly 
design tool for /LPLD design. PLDshell Plus allows us- 
ers to incorporate their prefered text editor, program- 
ming software, and additional design tools into a easy- 
to-use, menued design environment that includes Intel's 
PLDasm logic compiler and simulation software along 
with disassembly, conversion, and translation utilities. 
The PLDasm compiler and simulator software accepts 
industry stanard PDS source files that express designs 
as Boolean equations, truth tables, or state machines. 
On-line help, datasheet briefs, technical notes and error 
message information, along with waveform viewing/ 
printing capability make the design task as easy as pos- 
sible. PLDshell Plus software is available from Intel 
Literature channels or from your local Intel sales repre- 
sentative. 


Tools that support schematic capture and timing simu- 
lation of the iPLD610 are available. Please refer to the 
"Development 
Tools" section of the Programmable 
Logic handbook. 


The iPLD610 is supported by third-party logic compil- 
ers such as ABEL *, CUPL *, PLDesigner*, Log/IC, 
etc. Programming support is provided by third-party 
programmer companies such as Data I/O, Logical De- 
vices, STAG, etc. Please refer to the "Third-Party Sup- 
port" lists in the Programmable Logic handbook for 
complete information and vendor contacts. 


intel~ 


The support summary shows an emphasis by Intel to 
provide timing/simulation 
models from Viewlogic and 
Quadtree for customers performing devicelboard simu- 
lations. The models are provided on most popular de- 
sign platforms. The support summary reflects Intel's 
close relationship with key support tool vendors (which 
includes others not shown here) to provide iPLD610 
customers design support with the format and package 
with which they are most familiar. These support tool 
vendors, such as Data I/O and Logical Devices, pro- 
vide products 
in addition to the Intel development 
products. Intel provides complete design development 
support as detailed in Figure 5.2. Designs can be en- 
tered in several ways: 
I. Schematic Capture using IPLDview-286-this 
View- 
logic Workview derivative allows gate174xx macro 
level entry and supports design simulation (function- 
al or timing). 


2. State Machine entry using iSTATE-this 
Intel tool 
translates SMF (State Machine Format) designs into 
an ADF file. 
3. Boolean Equation entry using PLDsheli Plus-this 
logic compiler/minimizer 
generates device JEDEC/ 
Report files from an ADF source file. 


Based on the variety of offerings, users can pick the 
tool(s) that best fits their development environment. 
Also, programming 
support is available with Intel's 
GUPI adapters, which provide a quick and efficient 
method of device programming. 


Because of the performance/architecture 
combination 
provided by the iPLD610 it may be desirable to up- 
grade an existing design for many reasons. Upgrading 
from 5C060 or EP6xO devices can provide quick per- 
formance increases. Upgrading from 22VIO or 20RAIO 
devices may be done for performance, architecture, 
heat or power consumption reasons and may include 
the need for the standby power mode. Conversion of 
each of the devices mentioned here follows. 


UPGRADE 
FROM 5C060 


The Intel 5C060 PLD is pin- and JEDEC-compatible 
with the iPLD61O. This allows existing 5C060 JEDEC 
files to be programmed directly into iPLD61O. There- 
fore, designs running on 45 ns-55 ns tpD performance 
levels can instantly be upgraded to 10 ns-25 
ns tpD 
performance levels provided by the iPLD61O. The Intel 
development tool PLDsheli Plus supports both Intel 
PLDs. Most non-Intel design development tools and 
device programmers also support both Intel devices. 


As discussed in Section 3, the A.C. and D.C. specifica- 
tions of the iPLD610 meet or exceed those of competi- 
tive devices from Altera, TI and AMD. The list of de- 
vices which can be upgraded to the Intel iPLD610 in- 
cludes: 


Altera EP600 
Altera EP610 
Altera EP610A 
Altera EP630 
TI EP610 
TI EP630 
AMD PALCE 610 
AMD PALCE 630 
Cypress EP610 


Just as with the Intel 5C060, an upgrade of one of these 
devices can be accomplished by using existing JEDEC 
• 
files from one of these devices to program directly onto 
an iPLD61O. Also, Data I/O ABEL, Logical Devices 
CUPL and other design tools support the iPLD610. 
The only difference of note is the lack of a programma- 
ble standby current mode in the AMD device. Again, 
due 
to 
complete 
architecture 
compatibility 
the 
iPLD610 provides a quick and easy performance in- 
crease to any design using any of the above devices. 


Due to differences in device programming parameters 
(such as programming 
voltages and pulse width re- 
quirements) all device programmers may not support 
the iPLD610 unless explicitly stated. Also, device simu- 
lation models are not interchangeable between devices 
due to timing differences. 


Many designers requiring more architectural 
features 


than standard PAL devices offer have turned to the 
22VIO. Compared to standard PALs, the 22VIO offers 
additional outputs and product terms. However, the 
iPLD610 also has features not found in PAL devices. 
Since there are many differences between the iPLD610 
and 22VI0, the analysis will revolve first around device 
pin-out 
and then, 
cover performance, 
architecture, 


clocking options and D.C. specification issues. 


Table 9 shows the device pinouts of the iPLD610 and 
the 22VIO and highlights the differences. The iPLD610 
has dedicated clock inputs at pins 1 and 13 while both 
of these can be inputs on the 22VIO. The iPLD610 also 
has dedicated inputs at pins 14 and 23, while these are 


DIP Pin {; 
IPLD610 
22V10 
Notes 


1 
CLK1 
CLK/INPUT 
Clock only on iPLD610 
2 
INPUT 
INPUT 
3 
I/O 
INPUT 
Input only on 22V10 
4 
I/O 
INPUT 
Input only on 22V10 
5 
1/0 
INPUT 
Input only on 22V10 
6 
I/O 
INPUT 
Input only on 22V10 
7 
1/0 
INPUT 
Input only on 22V10 
8 
I/O 
INPUT 
Input only on 22V10 
9 
1/0 
INPUT 
Input only on 22V1 0 
10 
1/0 
INPUT 
Input only on 22V1 0 
11 
INPUT 
INPUT 
12 
GND 
GND 


13 
CLK2 
INPUT 
Clock only on iPLD610 
14 
INPUT 
1/0 
Input only on iPLD610 
15 
1/0 
1/0 
16 
1/0 
1/0 
17 
1/0 
1/0 
18 
1/0 
1/0 
19 
1/0 
1/0 
20 
1/0 
1/0 
21 
1/0 
I/O 
22 
1/0 
1/0 
23 
INPUT 
1/0 
Input only on iPLD610 
24 
VCC 
Vcc 


I/O pins on the nVIO. 
However, there are g input- 
only pins (3-10) on the 22V10that are I/O pins on the 
iPLD61O. This is the main architectural advantage pro- 
vided by the iPLD61O. Table 10 shows a summary of 
performance (A.C. specifications of the iPLD61O) com- 
pared to the 22VIO-15. This includes combinational 
logic speed (tPD), register performance (teol 
and tSU), 
and maximum register speed (FMA){). 


A comparison of architectures shows that the iPLD610 
has 6 more I/O pins (macrocells) than the 22V1O,even 
though both are 24-pin devices. The main advantages of 
the 22V1Oarchitecture are higher number of p-terms/ 
macrocell (up to 16 for some macrocells) and capability 
of up to 22 inputs (compared to 20 for the iPLD61O). 


The number of p-terms (product terms or AND terms) 
required by any design is often greatly affected by the 
register type used. The 22V1Ooffers only D-type flip- 
flops, while the iPLD610 offers D, T, JK or RS register 
types. Register type selection is done on a macrocell-by- 
macrocell basis, so each specific function with the 
iPLD610 can be better optimized. Figure 30 shows an 
example of how register type selection can affect the 
number of p-terms required. The example shown is an 
MSB of a 4-bit counter which requires 5 p-terms using 
a D-type flip-flop, but only one p-term if aT-type flip- 
flop is used. By using the register type selection capabil- 
ity of the iPLD610 the designer can further minimize 
logic requirements. 


Area of 
Feature 
iPLD610·15 
AMD 
Lattice 
Comparison 
22V10-15 
GAL 22V10-15 


Performance 
tpo 
15 ns 
15 ns 
15 ns 


FCNT 
50 MHz 
50 MHz 
50 MHz 


FMAX 
83 MHz 
50 MHz 
62.5 MHz 


tC01 
8 ns 
10 
8 ns 


tsu 
12 ns 
10 
12 ns 


Architecture 
Macrocells 
16 
10 
10 
Outputs 
16 
10 
10 
Max Inputs 
20 
22 
22 
Prog. Security Cell 
Yes 
Yes 
Yes 
Ave P-Terms/Macrocell 
8 
12 
12 
Individual 
Macrocell 
OE 
Yes 
Yes 
Yes 
Reg Clock Options 
3 
1 
1 


Indiv. Macrocell 
Clear 
Yes 
Yes 
No 
Invert Control 
Yes 
Yes 
Yes 
Reg. Power Up State 
Low 
High 
High 
Register Types 
D/T/RS/JK 
D 
D 


D.C. Specifications 
Icc(max) 
105 mA 
180 mA 
130' 


Power-Down 
Mode 
Yes 
No 
No 
Standby Current 
<150 
p.A 
N/A 
N/A 
IOL (max) 
12 mA 
16mA 
16mA 


One other 
major 
architectural 
improvement 
provided 


by the iPLD610 
is in the area of logic clocking options. 
Not only does the iPLD610 
have two dedicated 
clock 


inputs (allowing separate synchronous 
clocking of mac- 
rocells), but each macrocell 
has a p-term 
dedicated 
as 


an asynchronous 
clock option. 


The final area of comparison 
between these two devices 


is D.C. specifications. 
The advantage 
in maximum 
sup- 


ply current 
(Ice) has benefits in many areas including 


power supply selection, 
cooling 
requirements 
and sys- 


tem reliability. 
The iPLD610 
also offers a programma- 


ble standby 
current 
option which allows Ice values to 


drop 
to 20 p.A (typical) 
when in the standby 
mode. 


This can be useful if working 
with a "power 
budget" 


such as in laptop PC or Microchannel 
add-in card de- 


sign. The difference 
in IOL capabilities 
is very small 
(16 mA for the 22VIO versus 12 mA for the iPLD61O). 


• 


00 


°3 


0, 


°3 


O2 


°3 


°3 
CNT 


CNT 


°3 
°2 
0, 


°0 


CNT 
P 


°0 


°1 


°2 


NOTE: 
There are NO performance related issues for this com- 
parison due to design of iPLD61O. No issues with reg- 
istered operation (FMAX, tea); no issues with combi- 
natorial logic (tPD). 


There are several ways to replace a 22VIO. A "pin-for- 
pin" replacement means the iPLD610 that is upgrading 
the 22VlO can be placed into an existing 22VlO socket 
and provide complete compatibility. A "functional" re- 
placement is one in which the iPLD610 can replace the 
22VlO, but one or more of the pin numbers need to be 
changed. A functional replacement will only be an issue 
if the board is already made; if the upgrade is made at 
the design phase there is very little impact. 
I. Determine if a pin for pin replacement can be made: 
a) Are there 8 or less p-terms used for each 22VlO 
output? 
b) Is pin I used as a Clock (rather than an Input)? 
c) Is pin 13 unused (i.e., is this input pin unused on 
the 22VIO)? 


d) Is the global register preset feature unused? 


e) Is the output drive (lad 
requirement for each 
output 12 mA or less? 


NOTE: 
Check for need of clock input 
at Pin 
13 of the 


iPLD61O. 


If YES to all above, then pin-for-pin replacement looks 
good! 
2. Determine if functional replacement can be made: 


a) Is the total number of inputs and outputs 20 or 


less? 
b) Are there 8 or less p-terms for each output? 


- 
If 
NO, 
can 
the 
number 
be 
reduced 
via 


iPLD610 register type selection, inversion con- 
trol (DeMorgan's logic implementation) and/ 
or use of async clock capabilities? 


c) Is the output drive (lad 
requirement for each 
output 12 mA or less? 
- 
If NO, is there a spare iPLD610 output which 
can be utilized to duplicate this output and 
double the output drive capability? 


If YES to questions above, then a functional replace- 
ment looks good! 
3. In some cases the 5AC312 can also upgrade 22VlO 


sockets due to it's pin-for-pin compatibility, and su- 
perset architecture, although it's performance is not 
equal to that of the faster 22VlOs. 


4. In other cases the 22VIO and surrounding 
PLDs 
and/or 74xxx logic can be integrated into one of In- 
tel's larger high-performance 
PLDs (such as the 
iPLD91O). This is always an option if there are pow- 
er, heat, or board space concerns. 


Call The Intel Applications Hotline for Conver- 
sion Assistance 
1-800-628-8686 


The 20RAIO presents designers requiring implementa- 
tion of an asynchronous state machine or other asyn- 
chronous registered logic with a viable solution. The 
Intel iPLD610 provides these designers with another 
alternative. In many cases, a pin-compatible upgrade 
can be made due to architecture and performance fea- 
tures of the Intel iPLD61O. 


Table II compares the device pinouts of the iPLD610 
and the Lattice 20RAIO. Both have up to 20 inputs, 
both are 24 pin devices (DIP package), and both have 
dedicated functions implemented at pins 1 and 13. The 
advantage provided by the iPLD610 are the 16 I/Os 
(macrocells), compared to only 10 for the 20RAIO. 
This allows designers the flexibility to implement larger 
asynchronous 
state machines and/or 
additional syn- 
chronous or combinatorial logic. 


Spec Comparison 


A data sheet comparison of the Intel iPLD610 and Lat- 
tice 20RAIO-15 
is summarized in Table 12. The per- 
formance of the iPLD610is superior for both combina- 
torial logic (tPD) and asynchronous register perform- 
ance (FACNT, FAMAX, tACO!, tASU) as well as syn- 
chronous 
logic 
(which 
is 
not 
supported 
by 
the 
20RAIO). There are significant differences in register 3 
setup time that could be critical to a designer required 
to meet specifications of microprocessors or other sys- 
tem peripherals (such as an output valid delay spec). 


DIP Pin # 
iPLD610 
22V10 
Notes 


1 
CLK1 
PRELOAD 
Dedicated 
on Each 
2 
INPUT 
INPUT 
3 
I/O 
INPUT 
Input only on 20RA 10 
4 
I/O 
INPUT 
Input only on 20RA 10 
5 
I/O 
INPUT 
Input only on 20RA 10 
6 
I/O 
INPUT 
Input only on 20RA 10 
7 
I/O 
INPUT 
Input only on 20RA 10 
8 
I/O 
INPUT 
Input only on 20RA 10 
9 
I/O 
INPUT 
Input only on 20RA 10 
10 
I/O 
INPUT 
Input only on 20RA 10 
11 
INPUT 
INPUT 
12 
GND 
GND 
13 
CLK2 
OE 
Dedicated 
on Each 
14 
INPUT 
I/O 
Input only on iPLD610 
15 
I/O 
I/O 
16 
I/O 
I/O 
17 
I/O 
I/O 
18 
I/O 
I/O 
19 
I/O 
I/O 
20 
I/O 
I/O 
21 
I/O 
I/O 
22 
I/O 
I/O 
23 
INPUT 
I/O 
Input only on iPLD610 
24 
VCC 
VCC 


Area of 
Feature 
iPLD610-10 
Lattice 
Comparison 
20RA10-15 


Performance 
tpD 
10 ns 
12 ns 


FACNT1 
71.4 MHz 
62.5 MHz 


FAMAX 
100 MHz 
71.4 MHz 


tAC01 
12 ns 
12 ns 


tASU 
2 ns 
7 ns 


Architecture' 
DIP Pin Count 
24 
24 
Macrocells 
16 
10 
Outputs 
(1/Os) 
16 
10 
Inputs (max) 
20 
20 
Prog. Security 
Yes 
No 
Cell 
Total P-Termsl 
10 
8 
Macrocell 
Indiv. Macrocell 
Yes 
No 
OE 
Reg. Preload 
No 
Yes 
Invert Control 
Yes 
Yes 
Reg. Types 
D/T/JK/RS 
D 
, 


Clock Options 
Sync/Async 
AsyncOnly 
Async Preset 
No 
Yes 
Async Clear 
Yes 
Yes 


D.C. Specs 
Icc (max) 
105 mA@1 MHz 
100 mA@15MHz 
Power Down Mode 
Yes 
No 
Standby 
Icc 
150 /LA (max) 
N/A 


IOL (max) 
12 mA 
8mA 


Comparing 
architectures, 
the 
iPLD610 
offers 
more 
flexibility than the 20RA IO. This is based on macrocell 
count, total p-terms/macrocell, 
register type selections, 
and clock options. 
The iPLD610 
offers 6 more macro- 
cells than the 20RAIO. It also has 8 dedicated 
sum-of- 
product 
p-terms 
in addition 
to asynchronous 
register 
reset (clear) and async clock/OE p-terms. The 20RAIO 
has a total 
of eight p-teims 
for each macrocell, 
only 
four 
of which 
are dedicated 
to performing 
standard 


sum-of-products 
logic. Register 
type selections 
offered 
by the iPLD610 
include D, T, RS and JK, while the 
20RAIO 
implements 
only a D-type 
register. 
As men- 
tioned 
in the section 
on upgrading 
from the 22VIO, 
register type selection can have a significant 
impact on 
the number 
of p-terms 
required 
to implement 
a logic 
function and may allow a design to "fit" with one type, 
but not with another. 
Also, of note is the fact that the 
iPLD610 
can implement 
synchronous 
(via 2 clock in- 
puts) 
or 
asynchronous 
(via 
individual 
macrocell 
p-terms) 
registered 
logic. 
The 
designer 
using 
the 
20RAIO 
can only implement 
asynchronous 
registered 
logic (using clock p-term) 
only. As mentioned 
earlier 


the synchronous 
register specifications 
of the iPLD610 


(tsu, 
tH and tco\) 
are slightly skewed from the asyn- 


chronous 
register specifications 
(tASU, tAH and tACO\)' 


A designer 
using the iPLD610 
can select clocking 
op- 


tions on a macrocell-by-macrocell 
basis to best meet the 


needs of the system. 


Looking 
at D.C. 
specifications 
of these 
devices, 
the 


20RAIO 
and 
the iPLD610 
exhibit 
similar 
maximum 
supply current. 
But the iPLD610 
offers a programma- 


ble power-down 
mode, which can put this device into a 


power saving mode useful in many 
applications. 
The 


IOL of the iPLD610 
is higher than the 8 mA maximum 
for the 20RA 10. 


The iPLD610 
represents 
the highest performer 
in one 


of the industry-standard 
PLD 
architectures. 
The ad- 


vantages gained by using the iPLD610 
extend past the 


delay 
and 
counter 
capability. 
The 
iPLD610 
provides 
the following 
capabilities: 


• 
12 mA IOL 


• 
Programmable 
Standby 
Mode 


• 
105 mA (max) 
Ice 


• 
16 Macrocell 
Architecture 


• 
100% Testability 
due to EPROM 
Technology 


• 
111 MHz 
Register 
Operation 


In addition, 
this device is offered with several speed and 
package 
options. 
The device is available 
in 10 ns, 15 ns 
and 
25 ns tpD speeds. 
The packages 
for the iPLD610 
are Plastic 
DIP 
and PLCC. 


Already 
highlighted 
were the architectural 
advantages 
of this device over standard 
programmable 
logic devic- 


es. These 
advantages 
include 
device 
level capabilities 
(16 macrocells, 
up 
to 20 inputs, 
dual 
clocking) 
and 
macrocell 
level 
capabilities 
(total 
of 
10 p-terms 
per 
macrocell, 
register 
type 
selection, 
feedback 
control, 
async 
clocking). 
These 
capabilities 
of 
the 
iPLD610 


- 
- 
. 


device 
outperforms 
others 
at a data 
sheet 
level (A.C. 


and D.C. specifications). 
But, the iPLD610 
was further 
highlighted 
by 
the 
characterization 
data 
presented, 
which 
demonstrates 
performance 
outside 
data 
sheet 
considerations. 
The combination 
of data 
sheet and de- 
vice characterization 
information 
provides 
designers 
an 
added 
level of confidence 
in actual 
device behavior, 
and 
knowledge 
of actual 
in-system 
performance. 


The iPLD610 
device is well supported 
by PLD 
design 
and development 
tools from major 
third 
party 
vendors 
as well as Intel's 
own PLDshell 
Plus software. 


One other 
advantage 
of the iPLD610 
is the ease of up- 
grade 
it provides 
to systems 
using the 5C060, 
EP61O/ 
630, 22V1O or 20RAIO. 
These 
devices 
can be quickly 
upgraded 
to the iPLD610 
fLPLD to gain performance, 
architectural, 
and power 
dissipation 
advantages. 


The 
iPLD610 
takes 
this 
standard 
architecture 
to 
a 
higher 
level. Its high performance 
in all areas open new 
applications 
to Intel 
fLPLDs. 
Designers 
can now have 
both integration 
and performance! 
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The Intel 5AC312 PLD (Programmable Logic Device) 
was developed to break down certain existing PLD ar- 
chitectural 
barriers and meet increased performance 
needs. The Intel 5AC312 PLD was designed by PLD 
users with direct input from system designers. In the 
design process, emphasis was placed first on gate utili- 
zation, and then on density. 
- 


This application note highlights the advanced architec- 
ture and features of the 5AC312 PLD and shows the 
benefits of designing with this new device over more 
traditional PLD architectures. These features include 
enhanced input structure with register/latch option on 
all input pins (synchronous or asynchronous 
opera- 
tion); user-controllable, software-supported p-term al- 
location scheme in all macrocells; and multiple p-terms 
on control functions (asynchronous CLK, SET, RE- 
SET,OE). 


It should also be noted that the features and informa- 
tion described here also apply to the new 5AC324 
PLD. The 5AC324 is basically a 24 macrocell version 
of the 5AC312. 


The 5AC312 was designed with a highly flexible mac- 
rocell and I/O structure allowing the device to imple- 
ment both combinational 
and sequential logic func- 
tions. The enhanced input structure not only allows the 
device to latch and hold incoming data, but also to 
implement register-combinational-register logic to easi- 
ly accommodate state machine designs. Figure 1 shows 
a global view of the 5AC312 architecture. 


The 5AC312 is equipped with 8 user-programmable in- 
put structures that can each be configured to work in 
one of five modes: 1) synchronous D-type register, 2) 
asynchronous D-type register, 3) synchronous D-type 
latch, 4) asynchronous 
D-type latch, and 5) flow- 
through input. Each input can be configured indepen- 
dently of the others. The desired configuration is imple- 
mented through the programming of EPROM architec- 
ture control bits by the logic compiler under user-con- 
trol. 


The 5AC312 also has a unique macrocell array struc- 
ture that allows for user-controllable, software-support- 
ed product term allocation in each of its 12 macrocells. 
Each of the 12 macrocells also has a dual feedback op- 
tion with independent feedback and I/O paths. Each 
macrocell has 16 product terms, 8 of which control the 
OE, 
PRESET, 
ASYNCHRONOUS 
CLOCK, 
and 


CLEAR signals (2 p-terms per signal). The other 8 feed 
the data input to the macrocell and are split into two 
groups of four (upper half and lower half). See Figure 
2. Each grqup of four can be allocated to an adjacent 
macrocell if needed. 


As shown in Figure 1, the 12macrocells of the 5AC312 
are further divided into two "rings" with 6 macrocells 
per ring. Allocation of p-terms to adjacent macrocells 
can occur with a given ring. See Figure 3 for p-term 
allocation scheme. 


Each macrocell register in the 5AC312 is also equipped 
with an asynchronous PRESET signal. The PRESET 
function can be constructed in more traditional archi- 
tectural devices such as the 5C060 and 5C090 using 
combinational logic and feedback, however two macro- 
cells are consumed in the process. To illustrate this dif- 
ference, compare 
Figure 
2 to the 
implementation 
shown in Figure 4. The PRESET function would re- 
quire additional macrocells in traditional architectures 
if it were expanded beyond a single p-term. 


Multiple p-terms on the control functions (asynchro- 
nous CLOCK, PRESET, RESET, and OE) increases 
the efficiency of the device. Multiplexed I/O is accom- 
plished by controlling the output buffer associated with 
each macrocell using the 2 p-terms set aside for imple- 
menting an OE function. Multiple p-terms create a 
means to avoid using macrocells for control logic. For 
example, it would take two macrocells in the iPLD610 
and iPLD910 PLD to drive the OE line by a 2 p-term 
signal. To illustrate, compare Figure 2, the 5AC312 
macrocell structure, to Figure 5, a diagram of how a 
two 
p-term 
OE signal can 
be implemented 
in a 
iPLD610 or iPLD910 PLD. 


P-term allocation allows for more efficient use of p- 
terms and thus increased device utilization by raising 
the number of p-terms per macrocell to 16. P-term allo- 
cation, where p-terms are dedicated to certain macro- 
cells, should not be confused with p-term sharing, 
where several macrocells can actually use the same p- 
terms. The p-term allocation scheme in all macrocells is 
user-controllable and software supported, and provides 
the ability to satisfy designs with large p-term require- 
ments. P-term allocation is ideal for p-term intensive 
applications such as complex counters or comparators. 


P-term allocation in the 5AC312 is used when a design 
requires one of the 12 macrocells to employ more than 
8 p-terms. 
P-term allocation is simply the transfer 
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Figure 1. 5AC312 
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of logic 
resources 
(p-terms) 
from 
areas 
they 
are 
not 
being utilized 
to other areas within 
the chip where they 
are needed. 
As shown 
in Figure 
3, each macrocell 
has 
the potential 
to borrow 
4 more p-terms 
to add to the 8 
it already 
has from each of its adjacent 
macrocells. 
This 
increases 
the maximum 
number 
of p-terms 
per macro- 


cell to 16. Thus, 
any macrocell 
within 
the 5AC312 
has 
the 
potential 
to satisfy 
logic 
functions 
requiring 
be- 
tween 0 and 
16 p-terms. 


P-terms 
can 
be allocated 
in a "shift 
register" 
mode 
within 
each of the two rings of the macrocell; 
however, 
allocation 
of p-terms 
between 
rings is not possible. 
See 
Table 
1 for a listing 
of adjacent 
macrocells 
within 
p- 
term 
allocation 
rings. 


Figure 5. Implementation 
of 


2 P·Term OE Control 
Signal 


Table 1. 5AC312 
Product Term Allocation 
Rings 


Ring 1 
Ring 2 


Current 
Next 
Previous 
Current 
Next 
Previous 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 
Macrocell 


1 
2 
8 
7 
8 
12 


2 
3 
1 
8 
9 
7 
3 
4 
2 
9 
10 
8 


4 
5 
3 
10 
11 
9 


5 
6 
4 
11 
12 
10 
6 
1 
5 
12 
7 
11 


A given macrocell's output structure is still available 
for use when some or all of its p-terms are allocated 
away. If all of the p-terms of one macrocell are allocat- 
ed away to its respective adjacent macrocells, the data 
input to that macrocell defaults to GND. This polarity 
can be changed through programming of the invert se- 
lect EPROM bit. The I/O register as well as all second- 
ary controls to this I/O control block are still available 
and can be used as needed for design purposes. 


The 5AC312 contains separate 
input and feedback 
paths (dual feedback) on each of the macrocell I/O 
control blocks. This allows designs to utilize input pins 
when the associated macrocells have been assigned a no 
output 
with buried feedback primitive. Multiplexed 
I/O is accomplished by controlling the output buffer 
associated with each macrocell using the 2 p-terms that 
implement the OE function. Registered outputs may be 
clocked from the synchronous CLK/INPI 
pin or asyn- 
chronously 
clocked by the 2 p-terms available for 
ASYNCH_CLK. 


FIRST 
__ 
X 


INPUT 
, I ' 


Another feature of the 5AC312 is its power-on charac- 
teristics. The I/O registers of the 5AC312 experience a 
reset to their inactive state upon Vcc power-up. Using 
the PRESET function available for each macrocell al- 
lows any particular register preset to be achieved after 
power-up. The inputs and outputs of the 5AC312 begin 
responding approximately 
10 fLs (6 fLs typical) after 
Vcc power-up 
or after 
a power-Ioss/power-up 
se- 
quence. 


A trade-off between power consumption and speed is 
possible when using the 5AC312 by programming the 
"Turbo Bit". Left unprogrammed 
and with no tran- 
sition occurring at the device inputs for a period of 
approximately 100 ns, the device powers-down the in- 
ternal array while holding the outputs at their previous 
levels. At the next input transition 
occurrence, 
the • 
5AC312 powers-up the array and reacts to the change 
in input conditions. If the "Turbo Bit" is programmed, 
the power-down circuitry is disabled and the device will 
not power-down even if there are no more transitions. 
The array power-up sequence requires an additional 20 
ns of propagation delay. Power supply current during 
power-down is no more than 120 fLA.See Figure 6. 
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lolOOE 
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An example application for the 5AC312 can be shown 
by replacing a PAL· 20R6 and a 374 D type flip-flop in 
a design due to a power constraint. The same imple- 
mentation can be achieved consuming less power using 
one 5AC312 PLD. Compare Figures 7 and 8. Straight 
jumpers can be substituted in the PC board where the 
374 sits, and since the clock signal is already available 
on the PAL socket, it can be internally routed to clock 
the input registers of the 5AC3l2. The 5AC312 can 
then be programmed to match the existing pin assign- 
ments and therefore require no PC board re-layout. The 
internal circuitry of the 5AC3l2 allows the PLD to act 
as both a D type flip-flop and a PAL. 


.intelGP 


The 5AC312 PLD, 
which uses advanced 
CHMOS 
EPROM cells as logic control elements instead of poly- 
silicon fuses, represents an innovative device to help 
overcome the primary limitations of standard PLDs. 
With its advanced features, proprietary 
architecture 
and macrocell structure, the 5AC312 is capable of im- 
plementing high performance logic functions more ef- 
fectively than was previously possible. The p-term allo- 
cation scheme is a unique feature, increasing the effi- 
ciency of the device immensely. The PRESET signal 
and 2 p-term control lines are also features giving the 
5AC312 added efficiency in many designs. 


These same architectural features have been included in 
the 5AC324 PLD, making that device ideal for even 
higher integration applications. Refer to the 5AC324 
Data Sheet for details on that device. 
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Advanced Architecture 
PLDs 
Solve Common State· Machine 
Problems 


by Liliyas s. Koumis 
Technical Marketing Engineer 


The introduction 
of programmable 
logic devices (PLD) was a true 
revolution 
in the hardware 
design world. 
It enabled 
engineers 
to 


shrink 
circuits 
requiring 
several 
devices onto a single device thus 
simplifying 
their designs while saving space and power. Tradition- 
ally, PLDs 
have 
been 
used 
in combinational 
circuits 
such 
as 
address 
decoders 
as well as sequential 
circuits such as bus arbitra- 
tion schemes. 
During 
the last few years, 
advances 
and improve- 
ments 
in PLD 
architectures 
enabled 
the 
devices 
to grow more 
complex while addressing 
the never-ending 
quest 
for higher 
den- 
sity and faster speeds. 
Despite 
these improvements, 
engineers 
still 
face certain problems 
and limitations 
when implementing 
state 
machine 
designs with PLDs. The Intel5AC312 
and 5AC324, multi· 
purpose 
generic 
erasable 
PLDs, offer a solution 
to these problems 
that gives engineers 
a better 
device to implement 
their designs. 


A typical 
programmable 
logic device 
is composed 
of a user. 
programmable 
AND 
array, a fIXed OR gate, followed 
by an out· 
put register 
which includes 
a feedback 
path 
from the output 
to 
the programmable 
AND array. Combination 
of these elements 
is 
commonly 
referred 
to as a 'macraeell.' 
The existence 
of a feed· 
back 
path 
from 
the 
output 
registers 
to the AND 
array 
makes 
PLDs ideal candidates 
for state machine 
implementations. 


The three 
basic categories 
of state machines 
are Class A, Class B 
and Class C, better 
known as MEALY, 
MOORE 
TYPE 
A and 
MOORE 
TYPE 
B respectively. 
It is possible 
to implement 
any of 
the classes of state 
machines 
in a PLD, 
however 
the efficiencies 
vary with 
state 
machine 
class. 
The 
main 
characteristic 
of the 
Class A machine 
is that 
its outputs 
to the external 
world 
are a 
function 
of both the input and the present 
state of the machine 
as 
shown in Figure 
1. Mathematically, 
this can be expressed 
as: 


zn+1 = l(xn ,yn) 


Class A Machine 
(Mealy Machine) 


where 'z' is the decoded 
output, 
'x' is the input, 'y' is output 
of the 
next state decoder 
and 'n' is the present 
state. 


={ 


The Class B machine 
differs from Oass 
A in that its output 
is 
only dependent 
on the present 
state of the machine 
through 
out· 


put decoding, 
or better 
expressed 
as: 


z"+1 = 1(y") 


Class B Machine 
(Moore 
Type A Machine) 


Finally, 
the 
Oass 
C macine 
is essentially 
the 
same 
as the 
Class B but requires 
no output 
decoding: 
the outputs 
are the next 
state of the machine: 


Class C Machine 
(Moore 
type B Machine) 


If a Class A or a Oass 
B machine 
is implemented 
in a standard 


PLD, two macraeells 
would he required 
per state; one macrocell 


l~ 


:={ 
l~ 


has to be used for the input decoding 
and the other for the output 
decoding. 
The 
use of an extra 
macrocell 
for output 
decoding 
is 
not 
an efficient 
use of the 
device 
resources. 
For 
example, 
the 
largest state machine 
that can be implemented 
in an eight-register 
PLD 
is one with only four states 
variables. 
On the other 
hand, 
since a Class C machine 
does not perform 
output 
decoding, 
only 
one macrocell 
per state 
is required. 
As a result, 
that 
a machine 
with eight state variables 
could easily fit in the same eight-register 
PLD. 


Despite 
the architectural 
advantages 
of implementing 
a Class C 
machine, 
traditional 
PLDs 
still inherit 
serious 
timing 
problems 
and structural 
shortcomings. 


The 
first problem 
is violation 
of setup 
and hold times 
of the 
output 
registers. 
This is encountered 
commonly 
in environments 
where 
the 
inputs 
are 
asynchronously 
changing 
with 
the 
device 
clock. Sources for these problems 
may be different 
data paths for 
each input or origination 
of these input signals from circuits 
that 
use a different 
clock than that used for the output 
registers. 
This 
kind of problem 
causes 
the output 
to glitch 
and may cause 
the 
machine 
to enter 
an invalid or incorrect 
state. The problem 
tradi- 
tionally 
has been solved by adding 
external 
metastable-hardened 
registers 
to synchronize 
the inputs with the outputs. 
This solution, 


nOD. in some cases, an etgnt-regtster lL ISaooeo even wnen amy 
a few inputs must be synchronized. 


The 
second 
most common 
problem 
is missed 
input 
pulses 
of 
short duration. 
In modern 
and complex circuits, 
short pulses may 
arrive at the inputs 
and disappear 
at a faster 
rate than the PLD 
clock. This causes these inputs to be missed by the PLD, which in 
turn causes erroneous 
operation 
of the state machine. 
Traditional 
PLDs 
offer no solution 
to this problem. 
Engineers 
have had to 
resort 
to adding 
circuitry 
to ensure 
that 
the inputs 
are present 
long enough to be seen by the PLD clock. This additional 
circuitry 
further 
complicates 
designs, 
adds 
delays, 
increases 
power 
con- 
sumption 
and adds an unnecessary 
burden 
to the engineers. 


Finally, 
the most frustrating 
problem 
for engineers 
is that 
the 
number 
of 
product 
terms 
available 
per 
macrocell 
is 
fixed. 


Engineers 
usually assign the states 
to the output 
pins randomly, 


write the equations 
and allow the software 
to determine 
whether 
the equations 
fit their 
chosen 
device. 
If the number 
of product 
terms required 
to implement 
the given equations 
is greater 
than 
the fIXed number 
of available product 
terms, the designer 
devotes 
additional time and resorts to more 'innovative' approaches, 
such 
as breaking 
down the state 
machine 
into smaller 
parts 
to fit the 
device. 
This 
not 
only 
introduces 
additional 
time 
delays 
and 
3 


reduces 
the effective use of the device, but it also increases 
devel- 
opment 
time and board 
cost. 


SOLUTIONS 
TO THESE 
COMMON 
PROBLEMS 


The above discussion 
illustrates 
the need for a more sophisticated 
generation 
of Programmable 
Logic 
Devices 
that 
address 
these 
problems. 
Two new Intel 
PLDs, 
the 5AC312 
and 5AC324, 
are 
specifically 
targeted 
at fulfilling the requirements 
of better 
set-up 
and 
hold 
timing, 
faster 
input 
clock 
rate 
and 
flexible 
product 
terms. The AC in the part name stands 
for "Advanced 
CMOS," 


the 3 stands for third generation 
and 12/24 is the number 
of macro- 


cells in each device. This family of Intel Erasable 
Programmable 
Logic Devices uses advanced 
CHMOS· 
EPROM 
cells instead 
of 
polysilicon fuses as a logic control 
element. 
This process enhances 


the 
testability 
and 
reliability 
of the 
devices 
while 
significantly 
reducing 
power consumption. 
For the remaining 
portions 
of this 
paper, 
the 5AC312 will be referred 
for ease of reference, 
but for 
all practical 
purposes, 
the 5AC324 is functionally 
identical 
to the 
5AC312 
but 
contains 
twice 
the 
number 
of macrocells 
and 
ten 
registerllatched 
inputs instead 
of eight. 


As it can be seen in Figure 4, the 5AC312 has the architectural 
features 
of a Class C machine 
but also offers additional 
features 
address 
the issues discussed 
earlier. 
The 
input 
structure 
of the 
5AC312 
offers several 
programmable 
options, 
each addressing 
a 
particular 
need or problem. 


To address 
the first problem-violation 
of setup 
and hold times 
of the output 
registers-the 
5AC312 offers an additional 
registeri 


latch input with a programmable 
clock. The clock can be the same 
as the 
output 
register 
clock 
shifted 
by 180", a separate 
high 
frequency 
clock, or be generated 
by a product 
term from the logic 
array. 


By using the first clock option, 
synchronization 
is achieved, 
and 
thus the 
risk of output 
glitches 
is minimized. 
By cascading 
the 
input and output 
registers 
and Shifting the input clock 1800 from 
the output 
register 
clock, an additional 
advantage 
is gained 
by 


Figure 4. Architecturally 
Advanced 5AC312 and 5AC324 
Global Block Diagrams 


allowing enough 
time to satisfy the setup 
and hold time require- 
ments of the output 
registers. 
Metastability 
characteristics 
of the 
device 
is of particular 
concern 
and 
are 
discussed 
later 
in this 
paper. 


The second option, 
a separate 
high frequency 
clock, enables 
the 
device 
to sample 
inputs 
of very short 
time duration. 
This clock 
operates 
up to 50 MHz, with an input register 
setup of only 5 ns. 
If the latch feature 
is selected, 
the setup 
time is reduced 
to 0 ns. 
Of course, 
a mode 
can be selected 
where 
the input 
data 
flows 
through, 
bypassing 
the registerllatch 
combination. 
The third clock 
option, 
clocking the input 
registers 
with the output 
of a product 
term from the logic array, is ideal for applications 
where registers 
are to be clocked only when a certain 
input condition 
is met. 


To address 
the fixed product 
term problem, 
the 5AC312 imple- 
ments 
an innovative 
solution 
called 
'product 
term 
allocation.' 
In 


each individual 
macrocell, 
the eight product 
terms are sub-divided 
into two groups 
of four. The product 
term allocation 
is achieved 
by allowing 
each 
of these 
four 
product 
term 
groups 
to be bor- 
rowed from or lent to adjacent 
macrocells. 
By 'allocating' 
product 
terms between 
adjacent 
macrocells, 
any register 
can be driven by 
as many as 16 product 
terms by borrowing 
unused 
product 
terms 
from its neighbors. 
Conversely, 
as little as zero product 
terms can 
be used if a macrocelliends 
to both of its neighbors. 
The 12 macro- 
cells in the device have been divided 
into two groups 
of six each 
(or two groups of 12 for the 5AC324) 
called the "rings" 
that help 
define 
adjacent 
macrocells 
for borrowing 
and lending 
purposes. 


The efficiency 
of this configuration 
can be demonstrated 
with a 
simple example. 
Assume 
an excitation 
function 
needs 
four prod- 


uct terms 
and another 
function 
needs 
10 product 
terms. 
Imple- 
menting 
these 
functions 
with 
a fixed 
eight-product-term 
PLD 
requires 
one macrocell 
to implement 
the four-product-term 
func- 
tion, and two macrocells 
to implement 
the 10 product 
terms func- 
tion. To fit the 10 product 
term function, 
the equation 
needs to be 
broken 
into two parts, 
thereby 
increasing 
the delay. 
Therefore, 


out of 24 available 
product 
terms 
(three 
groups 
of eight), 
14 are 
used (14/24 = 58% efficiency). 
Using the 5AC312 
to implement 
the 
same 
functions 
yields 
the 
following: 
the 
four-product-term 
function 
is implemented 
with 
half of a macrocell, 
allowing 
the 
other 
half to be allocated 
to the adjacent 
macrocell 
for imple- 
menting 
the 
10-product-term 
function. 
No 
design-splitting 
is 
required. 
Therefore, 
out of 16 product 
terms, 
14 are used. This 
translates 
to 88% product 
term utilization. 
The product 
term allo- 
cation 
is completely 
transparent 
to the user since it is achieved 
through 
software. 
When 
the compiler 
determines 
that 
an addi- 
tional number 
of product 
terms is required, 
it automatically 
allo- 


cates resources to fit the required excitation function. 


Although 
metastability 
is a relatively 
rare 
event, 
ignoring 
it can 
cause 
serious 
timing problems. 
The 
input 
registers 
found 
in the 
5AC312 
offer 
excellent 
recovery 
time where 
metastability 
is of 
concern. 
Metastability 
can be simply described 
as the inability of 
a register 
to decide 
the state of its output 
within 
a fixed amount 
of time. This event usually occurs when synchronizing 
an external 
event with a periodic 
clock. If a flip flop is clocked 
nearly at the 
same 
time 
as changing 
data, 
there 
is a small window 
of time 
where the output 
of the register 
is unknown. 
This window of time 
is the recovery 
time (t,.) of the flip-flop 
and is typically 
in the 
order of nano-seconds. 
Designers 
at Intel have performed 
tests to 
obtain 
the recovery 
time 
for the 5AC3xx family of devices 
and 
have concluded 
that the Intel devices 
have better 
recovery 
times 


than familiar 
TrL 
devices 
such as 74F74. Table 
1 shows sample 
data taken 
at a clock frequency 
of 2 MHz and data frequency 
of 
1 MHz. 
Additional 
information 
on the 
procedure 
used 
to obtain 
this 
data and its use can be found 
in references 
one and three. 


to replace 
traditional 
off-the-shelf 
logic as designers 
discover their 
usefulness 
in modem 
applications. 
However, 
to overcome 
the 
problems 
associated 
with setup 
and hold time violations, 
missed 
inputs 
and fIXed number 
of product 
terms, 
a new generation 
of 
PLDs 
was 
needed. 
The 
Intel 
5AC312 
and 
5AC324 
overcome 
these problems 
by providing 
selectable 
input registerllatch 
option 
with excellent 
metastability 
characteristics 
and allocatable 
prod- 
uct terms. 


Because 
of their intemal 
architectural 
characteristics 
Programma- 
ble Logic Devices 
have become 
the ideal method 
to implement 
state machine 
designs. This is evident by the wide variety of appli- 
catons 
where 
programmable 
logic devices 
are found 
today. 
The 
latest generation 
of PLDs, with the advantages 
of programmable 
I/O pins aod expanded 
number 
affIXed product 
terms, 
are certain 


Device 
Recovery 
Time (ne) 


7474 
1.6 


74LS74 
1.5 


745374 
0.91 


74F373 
0.70 


74F74 
0.40 


SAC31215AC324 
0.35 
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Very often, complex systems involve two or more mi- 
crocontrollers to fulfill the requirements defined by a 
given objective. Since the nature of microcontrollers 
does not allow for easy dual-port memory design (no 
"READY" 
input; no "HOLDIHLDA" 
interface; port- 
oriented I/O etc.), design engineers are faced with the 
problem of interchanging information (data and status) 
between those micr~ontrollers. 
This application brief 
describes the design of a mailbox for exchanging infor- 
mation between two 80C31s, using a 5C060 PLD as a 
"back-to-back" register, and a 5C032 PLD as an arbi- 
tration vehicle to control the actiQlls of the CPUs. 


In this application, the 16 macrocells of the 5C060 are 
grouped into two sets of 8 so called "ROlF" 
(register 
output with input feedback) primitives to implement 
the two 8 bit bus interfaces needed. The grouping is 
done according to the following picture. 


The 5C060 allows for independent clocking of 8 macro- 
cells on each side of the chip, the two clock inputs are 
used to clock data from the microcontroller bus into 
the chip. To read the data written into the mailbox by 
one of the controllers, the RDA- (controller A is read- 
ing) or RDB- (controller B is reading) line must be 
pulled low by activating the read command (IRD). In 
order to avoid spurious read-cycles, the /RD 
com- 
mands 
from 
both 
microcontrollers 
are 
logically 
"ORed" together with an active high CS-signal (Chip 
Select) inside the 5C060. The CS-signal for both ports is 
derived from address line A15. Therefore, whenever 
AI5 becomes a logic "I" (true), the mailbox is activat- 
ed and ready to take or submit data. 
Address range for the mailbox: FOOO Hex 
to 
FFFF 
Hex 
(Upper 12 kbyte) 


GROUP A 
(104ICROCON- 
TROLLER A) 


WR8 


CSA 


I/OAO 


I/OAl 


I/OA2 


I/OA3 
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1/081 


1/082 


1/083 


1/084 


1/085 


1/086 


1/087 


CS8 


GROUP 8 
(104ICROCON- 
TROLLER 8) 


To keep the two microcontrollers informed about the 
status of their mailbox, the 5C032 is programmed to 
supply the following signals to both controllers: 


IINTA: 
INTERRUPT 
TO MC A 


IINTB: 
INTERRUPT 
TO MC B 


The next section will discuss the meanings of these sig- 
nals in more detail. 
Output Buffer Full: This flag is set whenever the con- 
troller writes into its own output 
buffer. The flag remains valid, until 
the second controller has read the 
data. The flag is automatically re- 
set to its inactive state when this 
read cycle is accomplished. 


NOTE: 
Both controllers can access (read or write) the mail- 
box simultaneously. 


Input Buffer Empty: This flag indicates that there is no 
message in the mailbox. The flag 
will become inactive as soon as 
one microcontroller places a mes- 
sage for the other one (or vice ver- 
sa). 


Example: 
/IBEA 
remains 
"LOW" 
until microcontroller 
B 
places a message for controller A 
into the mailbox for A. /IBEA 
will go "HIGH" 
as soon as con- 
troller 
B has accomplished 
its 


write 
cycle, 
and 
will 
not 
go 
"LOW" again until microcontrol- 
ler A has read the message. 
Interrupt: The 5C032 is programmed to supply inter- 
rupts to both microcontrollers involved, on 
one of the following events. 
\. The /OBF flag of the opposite microcon- 
troller becomes active; e.g. if controller A is 
placing a message for controller B, controller 
B receives an interrupt 
the same time as 
/OBFA becomes valid or vice versa. 
2. The /IBE flag of the opposite microcon- 
troller goes active, indicating that this con- 
troller has received the message; e.g. if con- 
troller B reads the message stored by con- • 
troller A, its /IBEB flag goes active and con- 
troller receives an interrupt indicating that 
the buffer is empty. 


The signals described above are necessary to accom- 
plish a secure handshake without overwriting messages 
accidentally. In addition to that, the 5C032 is issuing 
the actual write commands for the two register sets in- 
side the 5C060. The IWRA and IWRB signals are re- 
sults oflogical "AND" functions between the appropri- 
ate CS- and IWR signals from the microcontrollers. 
Therefore, spurious write cycles are unlikely to happen. 
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PART: 
SC060 
INPUTS: 
WB@l, 
CSA@2, 
CSB@14, 
nRDA@ll, 
nRDB@23, 
WA@13 
OUTPUTS: 
IOB7@lS, 
IOA7@10, 
IOB6@16, 
IOA6@9, 
IOB5@17, 
IOA5@8, 
IOB4@18, 
IOA4@7, 
IOB3@19, 
IOA3@6, 
IOB2@20, 
IOA2@S, 
IOB1@21, 
IOA1@4, 
IOBO@22, 
IOAO@3 


NETWORK: 
IOB7,DB7 
ROlF (DA7,WAC,GND,GND,RDBC) 
IOB6,DB6 
ROlF (DA6,WAC,GND,GND,RDBC) 
• 
IOBS,DBS 
ROlF (DA5,WAC,GND,GND,RDBC) 
IOB4,DB4 
ROlF (DA4,WAC,GND,GND,RDBC) 
IOB3,DB3 
ROlF (DA3,WAC,GND,GND,RDBC) 
IOB2,DB2 
ROlF (DA2,WAC,GND,GND,RDBC) 
IOB1,DB1 
ROlF (DA1,WAC,GND,GND,RDBC) 
IOBO,DBO 
ROlF (DAO,WAC,GND,GND,RDBC) 
IOA7,DA7 
ROlF (DB7,WBC,GND,GND,RDAC) 
IOA6,DA6 
ROlF (DB6,WBC,GND,GND,RDAC) 
IOA5,DAS 
ROlF (DB5,WBC,GND,GND,RDAC) 
IOA4,DA4 
ROlF (DB4,WBC,GND,GND,RDAC) 
IOA3,DA3 
ROlF (DB3,WBC,GND,GND, RDAC) 
IOA2,DA2 
ROlF (DB2,WBC,GND,GND,RDAC) 
IOA1,DA1 
ROlF (DB1,WBC,GND,GND,RDAC) 
IOAO,DAO 
ROlF (DBO,WBC,GND,GND,RDAC) 
WAC 
lNP(WA) 
WBC 
= INP(WB) 
CSB 
= INP(CSB) 
CSA = INP(CSA) 
nRDB 
INP(nRDB) 
nRDA 
= INP (nRDA) 
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PART: 
SC032 
INPUTS: 
RST, 
nWRA, 
nRDB, 
CSA, 
nRDA, 
nWRB, 
CSB 
OUTPUTS: 
WA, 
nOBFA, 
nIBEB, 
nINTA, 
nINTB, 
nOBFB, 
nIBEA, 
WB 


NETWORK: 
nWRA 
= INP(nWRA) 
nRDA 
= INP(nRDA) 
CSA 
= INP(CSA) 
nWRB 
= INP(nWRB) 
nRDB = INP(nRDB) 
CSB = INP(CSB) 
RST 
= INP (RST) 
WA 
= CONF(WAd,YCC) 
WB = CONF(WBd,YCC) 
nOBFA,nOBFA 
COIF (nOBFAd,YCC) 
nOBFB,nOBFB 
= COIF (nOBFBd,YCC) 
nIBEA,nIBEA 
= COIF(nIBEAd,YCC) 
nIBEB,nIBEB 
= COIF (nIBEBd,YCC) 
nINTA 
CONF(nINTAd,YCC) 
nINTB 
= CONF(nINTBd,YCC) 


nINTBd 
nOBFB 
* nIBEB; 
nINTAd 
= nOBFA 
* nIBEA; 
nOBFBd 
! (!(!nRDA * CSA) * nIBEA 
* 
!RST); 
nOBFAd 
!(!(!nRDB * CSB) * nIBEB 
* 
!RST); 
nIBEBd 
! (!(CSA * 
!nWRA) * nOBFA); 
nIBEAd 
! (!(CSB * 
!nWRB) * nOBFB); 
WAd 
CSA * 
!nWRA; 
WBd 
= CSB * 
!nWRB; 
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Edge triggered registers (otherwise known as "flip- 
flops") are designed to propagate and store data applied 
to their "D" inputs. If the data applied is HIGH just 
before the clock edge, the Q output 
transitions 
to 
HIGH. If the data applied is LOW just before the clock 
edge, the Q output transitions to LOW. These are the 
two normal states for a register. However, registers 
may be forced into a "metastable" state, in which the 
output either oscillates or simply remains in between a 
HIGH and a LOW for a prolonged period. This can 
occur when the register's setup or hold parameters are 
violated; that is, when data input to the register tran- 
sitions too close to the clock edge. Figure I shows the 
three possibilities of when data may arrive with refer- 
ence to the system clock, and when metastability may 
occur. 


HOW METASTABILITY 
AFFECTS 
SYSTEM 
DESIGN 


Most systems have the capability to read input data 
from an asynchronous source such as a keyboard or a 
modem. They are called asynchronous because the tim- 
ing of the data from these sources is not in synchroniza- 
tion with the system clock. This type of data must first 
be synchronized before the system can use it; this usual- 
ly means placing a synchronization register stage be- 
tween the asynchronous data source and the rest of the 
system. Because the data is asynchronous, it inevitably 
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zation register at some time during normal operation 
and drives the register into a metastable state. Once in 
the metastable state, the synchronization register even- 
tually resolves to either a HIGH or LOW. How easy 
the register can be driven into, and how long it remains 
in the metastable state depends upon noise, ambient 
conditions, and the register's process technology. For 
example, FAST* TTL is more immune to and resolves 
more quickly from a metastable state than LS TTL. 


In some older technologies, register outputs are fed di- 
rectly to the device pin with no intermediate amplifica- 
tion stage. When one of these registers enters a metasta- 
ble state, the voltage at the output pin can be seen to 
oscillate or hover in between HIGH and LOW. Intel 
CMOS PLDs have high gain buffers between the regis- 
ter circuitry and the output pin. The output pins will 
always be at one rail or the other, and therefore will 
never show an in-between or oscillatory state. Instead, 
they manifest metastability by a late transition: when 
metastable, 
the output 
transitions 
appreciably 
later 
• 
than allowed by the normal clock to output 
delay 
(Teo) specification of the device. To guard against the 
effects of metastability, one designs the system to wait a 
sufficient time after the register's specified Teo to en- 
sure valid data from the register. This additional wait 
time after Teo is called TMET' The designer uses the 
device's supplied metastability characteristics, chooses 
a Mean Time Between Failures (MTBF) value that 
meets the target system requirements, and then calcu- 
lates a TMET based upon that MTBF. 
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Edge A: Data changes before clock;normaloutput transition 
Edge B: Data changes after clock; no output transition 
Edge C: Data changes withclock;output goes metastable 


"111<;4;11I,,,aMaouny 
IS a prOoaOl1lstlc quantity, 
one can- 
not simply 
say that 
after 
a given TMET the register 
is 
absolutely 
guaranteed 
to have resolved, 
but rather 
we 
refer 
to the probability 
that 
the register 
will have 
re- 
solved. 
Further, 
since MTBF 
is exponential 
in nature, 
the failure curve is greatly 
skewed toward 
early failures. 
For instance, 
say a given register 
claims 
an MTBF 
of 
100 years 
for a given TMET. Intuitively, 
we would 
ex- 
pect a 50% probability 
of a failure in the first 100 years. 
However, 
the 
probability 
is actually 
63.2% 
that 
the 
register 
will manifest 
a resolution 
failure in the first 100 
years. 
Equation 
1 gives a very close approximation 
of 
the probability 
of failure 
based 
on the MTBF 
of each 
synchronizer, 
the number 
of systems 
in use, the number 
of synchronizers 
on each system, 
the length 
of time in 
service, 
and 
the 
number 
of failures 
allowable 
in that 
time. As an example, 
given ten systems 
that each have 
five synchronizers 
with MTBFs 
of 1000 years, 
what is 
the possiblity 
of one failure 
in five years? 
Using 
equa- 
tion 
1 and solving 
for P (Probability): 


p= 
-(e(-T/MTBF)**(U/F» 


P = 1 - ( e( -5/1000) 
** ( 50/1 ) ) 


Where 
T = time before failure 
in years, U = number 
of synchronizer 
units 
operating, 
and F = the number 
of failures 
expected. 


From 
this equation 
we can see that 
the intuitive 
con- 
cept 
of MTBF 
is inadequate, 
and 
that 
an 
accurate 


failure 
prediction 
algorithm 
is necessary. 
The 
concept 
of MTBF 
is very complicated 
and may seem unneces- 
sarily technical, 
but it is essential 
to know what 
you're 
getting 
when 
a PLD 
manufacturer 
claims 
100 years 
MTBF; 
that's 
for one synchronizer 
alone. Adding 
more 
synchronizers 
increases 
the probability 
of failure 
that 
much 
more. 


Figure 
2 shows the simplified 
diagram 
of a synchroni- 
zation 
register 
feeding 
the rest of the system, 
which 
is 
shown 
here as simply 
another 
register. 
The 
minimum 
clock period 
for a single stage synchronization 
scheme 
such 
as this is given by equation 
2. The 
clock 
period 
cannot 
be any shorter 
than 
the maximum 
TCO 
of the 
synchronization 
register 
plus the maximum 
TSU of the 
system 
plus TMET 
for the given system 
conditions. 


Equation 
2 solves for the margin 
afforded 
by a given 
clock frequency. 


where 
Fe 
is the 
system 
clock 
frequency, 
TsU 
is the 
system's 
input 
data setup to clock edge minimum 
time, 
Teo 
is the synchronization 
regsister's 
clock 
to output 
delay, 
and TMET is the additional 
time after Teo 
that 
the designer 
is willing 
to wait. 
Equation 
3 allows 
the 
designer 
to determine 
what sort ofTMET 
he can expect 
for a chosen 
MTBF. 


where 
T and 
TW 
are 
the 
metastability 
characteristic 
constants 
for the selected 
synchronization 
register 
type, 


MTBF 
is the mean 
time between 
failures 
expected, 
Fe 
is the system's 
clock frequency, 
and Fo 
is the average 
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data rate coming into the synchronization 
register. 


Equation 4 was derived from equation 3 to solve for 
MTBF when TMET is chosen and the other factors are 
known. 


e(TMET: Tco) 


MTBF 
= ------ 
Tw· Fc· Fo 


It is important to note that each register within an Intel 
PLD is independent; if one register should go metasta- 
ble, other registers within the device are not affected. 
Thus if several macrocell or input registers are used in 
parallel as a byte-wise synchronizer array, one need not 
be concerned about one register affecting the data in 
another 
register. The only problem that may arise 


would be if the incoming data bytes had some timing 
skew between the bits that make it up. If one input data 
bit transitioned later than the others, driving it's syn- 
chronizer into metastability, the worst case scenario 
would be that the system would sample the synchroniz- 
ers before that register settled. That would mean that 
the data at that point would most likely be invalid, and 
the next sampled data byte might also be invalid. How- 
ever, with a sufficient TMET to allow for metastable 
settling, the probability of this occurrence can be re- 
duced to a managable level. 
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HOW METASTABILITY 
IS 
QUANTIFIED 


Each device has two metastability characteristic con- 
stants, T (or "Tau") and Tw, which are used to deter- 
mine the probability 
of metastable occurrences. 
As 


shown in Figure 3, this probability decreases at an ex- 
ponential rate, according to the value of T. Tw defines 
the likelihood that the register will enter the metastable 
state in the first place; it is also known as the "failure 
window". Given T and Tw, TMET can be calculated for 
a chosen MTBF, according to equation 3. 


The metastability constants are determined by running 
the register under test through billions of clock cycles 
with randomly changing input data. For each incre- 
ment of TMET' the number of late transitions 
are 


counted within a given time period. A late transition is 
when the delay from the clock edge until when the reg- 
ister's output changes takes longer than it's observed 
Tco allows; we interpret that as an occurrence of a 
metastable event. The number of failures recorded for • 
each increment 
of TMET is logged and 
then 
run 


through the following equations, producing 
T and Tw. 
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The X axis is scaled as the Teo + TMET value in 
nanoseconds, and the Y axis is the Natural logarithm of 
the number of seconds between failures (actual number 
of failures recorded divided into the amount of time 
taken to accumulate those failures). Xi and Yi are the 
delay value and log of the failures, respectively, at point 
i. Ni is the number of events recorded at point i, and 
Nci is the number of clock pulses which occurred with- 
in that time. 


When plotted on semi-log paper, the resulting line 
shows the T slope. The Y-axis intercept point is related 
toTw· 


Metastable failure characteristics for each PLD are as- 
certained by using the setup in Figure 4. The register is 
clocked by a 2MHz, 25% duty cycle pulse, and register 
data is provided via a lMHz, 50% duty cycle pulse. 
The data is free running with respect to the clock to 
afford truly random data distribution with the base pe- 
riod of about I transition per clock cycle. Since the data 
transitions are evenly distributed over the entire clock 
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period, we may assume that the data transitions are 
also evenly distributed within the failure window (vio- 
lating setup and hold). The register under test or DUT 
(device under test) clock is provided by the first output 
of a dual pulse generator. The second output is delayed 
by TCO + TMET and fed into the metastable charac- 
terization unit. The output of the DUT is thus sampled 
at Teo + TMET' and it is sampled again aproximately 
100 ns later. If the two samples disagree, the DUT must 
have transitioned after Teo + TMET' and therefore 
must have been metastable. For each metastable event 
detected, a pulse is generated to increment the event 
counter. In about half of the cases, the DUT may enter 
the metastable state and resolve to the same logic level 
as before, and so not give an external indication of me- 
tastability. However, since cases like this will not affect 
system performance, 
they are not figured into the 
MTBF equations. 


To run the test, Teo is characterized for ambient con- 
ditions and used as a base delay. The first test begins, 
and the counter catches X metastable failure events for 
60 seconds. The number of metastable failures is re- 
corded for that particular TMET. TMET is increased by 
.2 nS and another X events are counted for 60 seconds. 
This is continued until the events get spaced out to 
where less than 100 events occur in 60 seconds, and the 
remaining data points are arrived at by counting 100 
events for X seconds and recording the results appro- 
priately. The results are plotted on semi-log paper, and 
the slope of the resultant curve is T . Since the raw data 
points will most likely not fall along a perfectly straight 
line, the only way to get an accurate value for T is to 
either draw a best-fit line through the data points and 
physically measure 
the slope, or to run 
the data 
through equations 5 and 6, given above. 
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METASTABILITY 
DATA FOR INTEL 
PLDs 
HOW INTEL PLDs COMPARE 
AGAINST 
OTHER 
PLDS 


Intel PLDs are based upon fast, CMOS EPROM pro- 
cess technologies which make them inherently resilient 
against metastability. The metastability characteristics 
for each device are dependent upon its design and pro- 
cess technology, thus all Intel PLDs within a given 
family have similar metastable characteristics. 


The first half of Table 2 lists maximum allowable clock 
frequencies for a single-stage synchronization 
scheme 
for various PLDs. This determination 
comes from a 
derivation of equations 2 and 3, with the margin set for 
o nanosecond. The other factors are calculated to give a 
resulting maximum clock frequency. The second half of 
Table 2 shows the TMET values that achieve different 
MTBF levels for several PLD technologies. The me- 
tastability characteristics of the other PLDs were deter- 
mined empirically using 'the same bench testing method 
as the Intel PLDs. It is easy to see that Intel PLDs have 
very good metastable resolution characteristics 
when 
compared against other technologies. 


The metastability characteristic constants for each Intel 
PLD are shown in Table I. Corresponding metastabili- 
ty characteristic curves for each family are shown in 
Figure 3. 


Device 
T 
Tw 


5C031 
0.82 ns 
5.8 x 
102 


5C032 
0.86 ns 
2.4 x 
10-2 


5C060 
0.90 ns 
4.0 x 100 


5C090 
0.44 ns 
2.0 x 
1014 


5AC312 
0.42 ns 
1.4x104 


5AC324 
0.35 ns 
8.6 x 
1010 


5AC324 
(Input Registers) 
0.39 ns 
3.0 x 
1019 


85C220 
0.22 ns 
5.2 x 
101 


85C224 
0.24 ns 
4.4 x 
101 


iPLD610 
0.39 ns 
1.1 x 
10-1 


iPLD910 
0.28 ns 
1.5 x 
106 


iPLD22V10/85C22V10 
0.43 ns 
3.24 x 
1010 


Margin = 0 ns 
Maximum 
Clock Frequency 
for a Chosen 
MTBF 
FD = 4 MHz 
(Based on Equations 
2 and 3) 


Device 


MTBF 
5C032-30 
5AC312·25 
85C220·80 
16V8A-10 
16R6-7 
iPLD910·15 


1 Yr 
16 MHz 
22 MHz 
53 MHz 
46 MHz 
26 MHz 
34 MHz 
10 Yrs 
15 MHz 
22 MHz 
51 MHz 
45 MHz 
24 MHz 
34 MHz 
100 Yrs 
15 MHz 
21 MHz 
50 MHz 
44 MHz 
23 MHz 
33 MHz 
1000 Yrs 
15 MHz 
21 MHz 
49 MHz 
43 MHz 
21 MHz 
32 MHz 


FC = 33 MHz 
MTBFs for a Given TMET 
FD = 4 MHz 
(Based on Equation 
3) 


Device 


MTBF 
5C032·30 
85C220-80 
16V8A·10 
16R6-7 
iPLD910-15 


1 Yr 
22.1 ns 
6.3 ns 
3.9 ns 
25.1 ns 
8.9 ns 
10 Yrs 
24.1 ns 
6.8 ns 
4.3 ns 
27.7 ns 
9.6 ns 
100 Yrs 
26.1 ns 
7.3 ns 
4.6 ns 
30.2 ns 
10.2 ns 
1000 Yrs 
28.0 ns 
7.8 ns 
5.0 ns 
32.7 ns 
10.8 ns 


• 


Every dynamic system which has two stable states can 
enter a metastable state. Each PLD technology has a 
metastable characteristic associated with it, and some 
are less susceptible to metastability than others. By us- 
ing Intel CMOS PLDs and knowing how to effectively 
guard against the effects of metastability, systems may 
be designed to be virtually trouble-free. 
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Reliabilty 
of the erasable 
programmable 
logic devices 
(EPLDs) 
in your 
end product 
is critical 
to your 
total 
system 
reliability. 
The use of Intel 
EPLDs 
can make a 
difference. 
Intel 
EPLDs 
are manufactured 
on patented 
EPROM 
processes 
with proven 
reliability. 


A quality 
component 
is one that 
meets your 
specifica- 
tion 
when 
received 
and 
tested. 
A reliable 
component 
continues 
to meet 
your 
specification 
even years 
after 
you have shipped 
your product. 
While Intel is a quality 
leader, 
we also adhere 
to stringent 
reliability 
standards 
which 
we have established 
for ourselves. 


The true cost of any component 
involves more than just 
the purchase 
price. 
The 
true 
component 
cost encom- 
passes the initial 
purchase 
price, 
cost of rework 
during 
system 
production, 
and the cost of field repairs 
due to 
component 
failures. 
"Rework" 
costs 
during 
system 
production 
are incurred 
prior to shipment 
of your end 
product, 
and are a function 
of the quality 
of the compo- 
nent you purchase. 


Repair 
costs 
incurred 
in the 
field 
after 
end 
product 
shipments, 
are a function 
of the reliability 
of the com- 
ponents. 
In addition 
to the 
increasing 
real 
cost 
of a 
system field service call, there is the intangible 
cost of a 
poor reliability 
reputation 
to the end user of your prod- 
uct. These costs depend 
upon the reliability 
of the com- 
ponents 
you 
purchase. 
Thus, 
reliability 
may 
impact 
costs 
during 
the system 
lifetime 
more 
than 
the initial 
quality 
of the components! 


The manufacture 
of a reliable 
semiconductor 
device us- 
ing a modern 
technology 
is a dynamic 
and evolutionary 
process. 
Success 
of this 
process 
is highly 
dependent 
upon 
the interplay 
between 
knowledgable 
and 
experi- 
enced 
manufacturing 
engineers, 
materials 
physicists, 
and responsible/responsive 
management. 
Only the cor- 
rect combination 
can consistantly 
deliver 
high volumes 
of a reliable 
product. 
In this 
model, 
the 
experienced 
process 
engineer 
selects 
and 
defines 
the stresses 
to be 
performed 
and the performance 
criteria 
to be met, uti- 
lizing appropriate 
statistical 
tools and limits. The mate- 
rials 
physicist 
then 
determines 
the 
root 
cause 
of the 
failure, 
if and when failure 
occurs, 
and provides 
effec- 
tive 
solutions 
and/or 
containment 
recommendations. 
Finally, 
management 
provides 
the resources 
for the en- 
tire process 
from 
initial 
monitor 
to root 
cause 
correc- 
tive action. 


Reliability 
is designed 
into each component 
Intel man- 
ufactures. 
From 
the moment 
the design is put to paper, 
stringent 
reliability 
standards 
must be met at each step 
for a product 
to bear the Intel 
name. 


Designing-in 
reliability, 
however, 
is only the beginning. 


Ongoing 
tests 
must 
be conducted 
to ensure 
that 
the 
original 
reliability 
specifications 
remain 
as valid in vol- 
ume production 
as they were when the device was first 
qualified. 


Intel's 
Reliability 
Monitor 
Program, 
devised 
to mea- 
sure 
and 
control 
device 
reliability 
in production, 
is a 
proven 
tool that 
Intel 
has used for seven years 
and is 
now available 
to its customers. 
The Monitor 
Program 
subjects 
all of Intel's 
technologies 
to a 48 hour dynamic 
burn-in 
at 125°C (with 
a portion 
of these devices 
con- 
tinued 
for a 1000 hour 
lifetest) 
and 
provides 
answers 
about 
device reliability 
that are not generally 
available 
from limited 
testing programs. 
But it's much more than 
• 
burn-in 
and 
device 
testing. 
When 
test 
rejects 
are 
en- 
countered, 
failure 
analysis 
is performed 
on each failed 
part. 
Isolating 
the 
fault 
and 
determining 
the 
failure 
mechanism 
is a critical 
part of the Monitor 
Program. 
It 
is the 
most 
comprehensive 
reliability 
program 
any- 
where. 


The paramount 
objective 
is to deliver 
reliable, 
quality 
devices. 
Actions 
that 
Intel 
takes 
to meet this objective 
may include 
a process 
or design 
change, 
or added 
reli- 
ability 
screen. 
Each 
decision 
is made 
with our custom- 
ers 
in mind 
so that 
they 
receive 
the 
parts-and 
the 
performance-that 
they ordered 
by specifying 
Intel. Re- 
liability 
qualification 
assures 
that 
all new 
production 
meets Intel's 
reliability 
standards. 
The Reliability 
Mon- 
itor Program 
ensures 
that these high standards 
are con- 
tinually 
maintained, 
day in, day out, over the duration 
of a device's 
life. This reliability 
improves 
the life-time 
reputation 
of your product, 
reducing 
the required 
num- 
ber of field service calls. 


Intel 
routinely 
publishes 
this "EPLD 
Reliability 
Data 
Summary", 
a continuing 
update 
of reliability 
informa- 
tion 
covering 
Intel's 
EPLD 
product 
line. 
This 
docu- 
ment 
includes 
a discussion 
on EPLD 
reliability 
testing 
methodology 
and the most current 
failure 
rate calcula- 
tions, failure analysis 
and lifetest results. 
The "EPROM 
Reliability 
Data Summary" 
(order 
number: 
210473 and 
2930(4) 
should 
be used 
as a supplement 
to monitor 
EPROM 
process 
reliability. 


Intel's 
commitment 
to the reliability 
of our products 
is 
clearly 
reflected 
in the information 
we make 
available 
to customers. 
We believe 
that 
supplying 
detailed 
reli- 
ability 
information 
to our customers 
is part of the total 
solution 
Intel offers, and is an important 
part of Intel's 
leadership 
in microelectronics 
technology. 


Intel EPLDs undergo comprehensive testing to insure 
electrical reliability. This testing is done at qualification 
and/or during ongoing monitor checks. Testing differ- 
encesbetween plastic and ceramic packaged EPLDs are 
noted. 


Intel continually reviews its testing procedures and 
makes improvements to its methodology whenever 
overall reliability can be enhanced. Our goal is to be the 
industry leader in deliveringhigh-quality, reliableparts. 


Information on Intel's reliability testing procedures 
follows. 


High Temperature 5.25V Dynamic Lifetest-This 
test 
is used to accelerate failure mechanisms by operating 
the devices at an elevated temperature of 125°C and 
nominal Vcc. 
During the test the device is pro- 
grammed as a counter, with the inputs and outputs ex- 
ercised, but not monitored or loaded. A pattern with 
greater than 90% of the EPROM cells programmed is 
used to simulate random customer patterns expected 
during actual use. Results of the lifetest have been sum- 
marized along with the failure analysis.Table I lists the 
activation energies for various failure mechanisms. 
These activation energies are used to calculate the 
amount of acceleration due to increased stress tempera- 
ture or voltage (seeAppendix A for failure rate calcula- 
tions). 


In order to best determine long-term failure rate, all 
devices used for lifetesting are first subjected to stan- 
dard INTEL testing. The 48 hour bum-in results are an 
indication of infant mortality. These results are not in- 
cluded in the failure rate calculation. (See Figure I for 
typicallifetest bias and time diagrams.) 


Failure Mechanism 
Ea(ev) 


Oxide 
0.3 


Fabl Assembly Defect 
0.5 


SBCL/SBCG/MBCL/MBCG 
0.6 


Contamination 
1.0 


Speed Degradation 
0.3-1.0 


Intrinsic Charge Loss 
1.4 
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Oxide-An 
Oxide Failure Related Fault 
SBCL-Single Bit Charge Loss 
SBCG-Single Bit Charge Gain 
MBCL-Multiple 
Bit Charge Loss 
MBCG-Multiple 
Bit Charge Gain 
Contamination-Ionic 
Contamination Failure 
SpeedDegradation-Device 
SpeedDegraded Over Test 


Failure Rate Calculations-Failure 
rate calculations 


are given for each relevant activation energy. Failure 
rate calculations are made using the appropriate energy 
(1,2, 3, 4) and the Arrhenius Plot as shown in Figure 2. 
The total equivalent device hours at a given tempera- 
ture can be determined. The failure rate is then calcu- 
lated by dividing the number of failures by the equiva- 
lent device hours and is expressed as a %/1000 hours. 
To arrive at a confidence level associated failure rate, 
the failure rate is adjusted by a factor related to the 
number of device hours using a chi-square distribution. 
A conservative estimate of the failure rate is obtained 
by including zero failures at 0.3 eV. Appendix A pro- 
vides example failure rate calculations. 


High Temperature, High Voltage Dynamic Lifetest- 
This test is used to accelerate oxide breakdown failures. 
The test setup is identical to the one used for the dy- 
namic lifetest except Vcc is an elevated voltage. The 
acceleration factor due to this test can be found in Ap- 
pendix A. This data plus the standard dynamic lifetest 
data are used to calculate the 0.3 eV failure rate. 


High Temperature Storage-This 
test is used to accel- 
erate charge loss/gain from the EPROM floating gate. 
The test is performed by subjectingdevicescontaining a 
90% + programmed pattern to a 250°C bake (14O"C 
for plastic) with no applied bias. In addition to 
EPROM cell integrity, this test is used to detect me- 
chanical reliability problems (e.g., bond strength) and 
process stability. This test is sometimes referred to as 
Data Retention Bake Test. 


Temperature Cycle- This test consists of cycling the 
temperature of the chamber housing the subject devices 
from -65°C to + 150"Cand back. The device is func- 
tionally tested before and after the stress. In addition, 
hermetic packages have fine/gross leak readouts. This 
test is to detect mechanical reliability problems and 
microcracks. 
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Figure 
1. EPLD Llfetest/Burn-ln 
Bias and Timing 
Diagram 


(85C220 
Used as Example) 


85/85 Humidity-High 
temperature/humidity testing 


is performed to evaluate moisture resistance character- 
istics of plastic-encapsulated components. A 2000-hour 
test is performed under static bias conditions at 
85°C/85 percent relative humidity with nominal volt- 
ages. To maximum metal corrosion conditions, the bi- 
asing configuration is either under low power or no 
power, with alternate pins biased at + 5V or OV. 


Steam-This 
test consists of exposing parts to water 


vapor at 121°Cand at 2 atmospheres. The devices are 
functionally tested before and after the test. This test is 
used to highly accelerate failure mechanisms effecting 
the bonds, bond pads, and passivation. 


ESD Testing-This 
test is performed to validate the 


products tolerance to Electro Static Discharge damage. 
All products incorporate ESD protection networks 
where needed to ensure the Intel corporate goals of mil- 
itary and charged deviceESD testing are met. The mili- 
tary test uses the MIL STD 883 test criteria, while the 
charged device testing is performed to further validate 
protection occurring during mechanical handling. 


Programmability-Device 
programmability is routine- 
ly monitored through the process of programming the 
devices for product monitors and qualifications Pro- 
grammability is a distinct part of a product qualifica- 
tion. All voltage combinations are verified. Program 
margin is measured and tested on :;:,90% of Intel 
EPLD EPROM cells. 
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The following data is an accumulation 
of recent qualifi- 
cation and monitor 
program 
results. Failure rate calcu- 
lation methods 
listed in Appendix 
A were used to ar- 
rive at the tabularized 
failure 
rates. 
CERDIP 
lifetest 
stresses are used to calculate 
the failure 
rate for each 
product 
and should also be used to indicate 
the failure 
rate of plastic products. 


In reviewing the reliability data as presented, 
questions 


may arise as to why lot sizes often decrease 
from one 
test 
to another 
without 
a corresponding 
number 
of 
identified 
failures. 
This is due to a variety 
of factors. 


Many tests require smaller sample sizes and as a result 
all parts 
from a previous 
test do not necessarily 
flow 
through 
to a succeeding 
test. 


In addition, 
various parts are pulled from a sample lot 
when mechanical 
or handler 
problems 
cause failures to 
occur. These "failures" 
are not a result of the specific 


test just completed. 
They are removed from the sample 
lot size and are not included 
in any failure rate calcula- 
tion. It can also happen 
that a particular 
test is done 
incorrectly 
through 
human 
error 
or faulty test equip- 
ment 
and 
these 
suspected 
"invalid" 
failures 
are 
put 
aside for retesting at a later date, decreasing 
the lot size 
for a succeeding 
test. If these parts are found to be truly 
defective, they are treated 
as failures and listed. If they 
test out properly, 
they are removed 
from any calcula- 
tion data base. 


:_.L I 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


10 Macrocells 
24 Lead, 300 mil CERDIP and PDIP; 28 Lead PLCC 
108 x 123 mils 
-13K 


CHMOS IIIE, P629.5 
12.5V 
CMOS 


Burn-In 
125·C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
1/334 
0/333 
0/170 
PLCC 
0/504 
0/504 


TOTALS 
1/838 
0/837 
0/170 
A 


125·C High Voltage 
Dynamic 


Package 
L1fetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/1819 
0/1818 
0/168 
PDIP 
0/336 
0/336 
PLCC 
0/814 
0/814 


TOTALS 
0/2969 
0/2968 
0/168 


Package 
Data Retention 
Bake (CERDIP 
@ 250·C, PDIP 
@ 140·C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/62 
PLCC 
0/62 


TOTALS 
0/124 
• 


Package 
Temperature 
Cycling 
(Condition 
"C"-150°C 
to -65°C) 


200 Cycles 
500 Cycles 
1K Cycles 


CERDIP 
0/62 
PDIP 
0/62 
PLCC 
0/62 


TOTALS 
0/186 


Package 
85°C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PDIP 
0/124 
PLCC 
0/126 


TOTALS 
0/250 


Package 
Steam 
(121°C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/62 
0/62 
PLCC 
0/62 
0/62 


TOTALS 
0/124 
0/124 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


9.54E + 4 
0.3 LT 
5.0E + 5 
3.3E + 5 
2.66E + 5 
0.3 HVL T • VAF 
3.7E + 7 
2.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


9.54E + 4 
0.5 LT 
1.5E + 6 
7.6E + 5 
2.66E + 5 
0.5 HVLT 
4.6E + 6 
2.2E + 6 


Total 0.5 eV Failures = 
0 
158 
312 


9.54E + 4 
0.6 LT 
2.6E + 6 
1.2E + 6 
2.66E + 5 
0.6 HVLT 
7.5E + 6 
3.3E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


9.54E + 4 
1.0 LT 
2.4E + 7 
6.1E + 6 
2.66E + 5 
1.0 HVLT 
6.8E + 7 
1.8E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
158 
312 


48 Hour Bllnfant 
Mortality 
= 1/2153 
= 0.046% 


intel~ 


Actual 
Equivalent 
Fail Rate In FITs 
Device 
Ea 
Device Hrs 
# 
(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


6.0E + 4 
0.3 LT 
3.0E + 5 
2.0E + 5 
1.4E + 5 
0.3 HVLT' 
VAF 
1.9E + 7 
1.2E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


6.0E + 4 
0.5 LT 
9.0E + 5 
4.6E + 5 
1.4E + 5 
0.5 HVLT 
2.1E + 6 
1.1E + 6 


Total 0.5 eV Failures = 
0 
306 
595 


6.0E + 4 
0.6LT 
1.5E + 6 
6.9E + 5 
1.4E + 5 
0.6 HVLT 
3.6E + 6 
1.6E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


6.0E + 4 
1.0 LT 
1.3E + 7 
3.5E + 6 
1.4E + 5 
1.0 HVLT 
3.1E + 7 
8.3E + 6 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
306 
595 


48 Hour 81 Infant Mortality = 0/1654 = 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 
Device 
Ea 
Device Hrs 
# 
(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


1.6E + 5 
0.3 LT 
8.1E + 5 
5.4E + 5 
4.0E + 5 
0.3 HVL T • VAF 
5.3E + 7 
3.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


1.6E + 5 
0.5 LT 
2.4E + 6 
1.2E + 6 
4.0E + 5 
0.5 HVLT 
6.0E + 6 
3.1E + 6 


Total 0.5 eV Failures = 
0 
109 
213 


1.6E + 5 
0.6 LT 
4.1E + 6 
1.9E + 6 
4.0E + 5 
0.6 HVLT 
1.0E + 7 
4.6E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


1.6E + 5 
1.0 LT 
3.6E + 7 
9.5E + 6 
4.0E + 5 
1.0 HVLT 
9.0E + 7 
2.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
109 
213 


48 Hour 81 Infant Mortality = 1/3807 
= 0.026Wo = 532 DPM 
@ 60% Confidence 


• 


ThetaJa = 
ThetaJc = 


Vee = 
lee@SSoC 
= 
lee@70°C 
= 
lee@ 
125°C = 


SO°CfW 
19°CfW 
S.2SV 
7SmA 
7SmA 
7SmA 


Temp with Theta Ja 
Degree 
Kelvin 
T(SS°C) = 
T(70°C) = 
T(12S°C) = 
T(2S0°C) = 


349.5 K 
364.5 K 
419.5 K 
544.5 K 


Thermal Acceleration Factors- 


L1tetest (LT) and 
High Voltage 
Litetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
5.26 
3.49 
0.5 
15.9 
8.04 
0.6 
27.7 
12.2 
1.0 
253 
64.7 


ThetaJa = 
ThetaJc = 
Vee = 
lee@SSoC 
= 
lee@ 
70°C = 
lee@ 
125°C = 


66°CfW 
21°CfW 
S.2SV 
7SmA 
7SmA 
7SmA 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


Temp with Theta Ja 
Degree 
Kelvin 
T(SS°C) = 
T(70°C) = 
T(12S°C) = 
T(2S0°C) = 


55°C 


nfa 
730 
2730 
nfa 


nfa 
337 
1080 
nfa 


354 K 
369 K 
424 K 
549 K 


Lltetest 
(LT) and 
Bake (140°C) 
High Voltage 
L1tetest (HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.07 
3.40 
0.3 
nfa 
nfa 
0.5 
15.0 
7.68 
0.5 
730 
337 
0.6 
25.7 
11.6 
0.6 
2730 
1080 
1.0 
224 
59.1 
1.0 
nfa 
nfa 
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ThetaJa = 
ThetaJc = 
Vee = 
lee@ 
SsoC = 
lee@ 
70°C = 
lee @ 12SoC = 


6soCfW 


21°CfW 
S.2SV 
7SmA 
7SmA 
7SmA 


Temp with Theta Ja 
Degree 
Kelvin 
T(SSOC) = 


T(70°C) = 
T(12S°C) = 
T(2S0°C) = 


3S4K 
369 K 
424K 
S49K 


Lifetest 
(LT) and 
High Voltage 
Llfetest 
(HVL T) 


Activation 
SsoC 
700C 
Energy 
0.3 
S.07 
3.40 
O.S 
1S.0 
7.68 
0.6 
2S.7 
11.6 
1.0 
224 
S9.1 


Activation 
Energy 
0.3 
O.S 
0.6 
1.0 


nfa 
730 
2730 
nfa 


nfa 
337 
1080 
nfa 
• 
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Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C220 
8 Macrocells 
24 Lead, 300 mil CERDIP and PDIP; 20 Lead PLCC 
89 x 90 mils 
-7K 
CHMOS IIIE, P629.5 
l2.5V 
CMOS 


Burn-In 
12SoC Dynamic 


Package 
Llfetest 
48 Hours 
168 Hours 
SOOHours 
1K Hours 


CERDIP 
0/2050 
0/2050 
0/270 
0/270 
PDIP 
0/1995 
0/1995 
0/485 
0/270 


TOTALS 
0/4045 
0/4045 
0/755 
0/540 


Additional 
Readouts: 
CERDIP 
0/90 
@ 2K Hours Lifetest 
PDIP 
0/180 
@ 2K Hours Lifetest 


12SoC High Voltage 
Dynamic 


Package 
Llfetest 
(6.SV) 


48 Hours 
168 Hours 
SOOHours 
1K Hours 


CERDIP 
0/2048 
0/2048 
0/270 
0/90 
PDIP 
0/400 
0/399 
0/299 
0/199 


TOTALS 
0/2448 
0/2447 
0/569 
0/289 


Additional 
Readouts: 


CERDIP 
0/90 
@ 2K Hours Lifetest 
PDIP 
0/199 
@ 2K Hours Lifetest 


Package 
Data Retention 
Bake (CERDIP 
@ 2SO"C, PDIP 
@ 140"C) 


168 Hours 
SOOHours 
1K Hours 


CERDIP 
0/300 
0/300 
PDIP 
0/300 
0/300 


TOTALS 
0/600 
0/600 


Package 
Temperature Cycling (Condition "C"-150°C 
to -65°C) 


500 Cycles 
1KCycies 
2K Cycles 


CERDIP 
0/90 
0/89 
0/89 
PDIP 
0/150 
0/150 
0/150 
PLCC 
0/78 
0/78 


TOTALS 
0/318 
0/317 
0/239 


Package 
85°C/85% 
Relative Humidity 


500 Hours 
1K Hours 
2K Hours 


PDIP 
0/98 
0/98 
0/48 
PLCC 
0/30 
0/30 


TOTALS 
0/128 
0/128 
0/48 


Package 
Steam (121°C, 2 ATM) 


168 Hours 
336 Hours 
500 Hours 


PDIP 
0/300 
0/300 
0/300 
PLCC 
0/100 
0/100 


TOTALS 
0/400 
0/400 
0/300 


Actual 
Equivalent 
Fall Rate In FITs 
Device 
Ea 
Device Hrs 
II 
(60% UCL) 
Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


5.6E + 5 
0.3 LT 
3.2E + 6 
2.1E + 6 
5.6E + 5 
0.3 HVLT' VAF 
8.3E + 7 
5.4E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


5.6E + 5 
0.5 LT 
1.0E + 7 
4.98E + 6 
5.6E + 5 
0.5 HVLT 
1.0E + 7 
4.98E +6 


Total 0.5 eV Failures = 
0 
44 
91 


5.6E + 5 
0.6LT 
1.8E + 7 
7.7E + 6 
5.6E + 5 
0.6 HVLT 
1.8E + 7 
7.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


5.6E + 5 
1.0 LT 
1.9E + 8 
4.4E + 7 
5.6E + 5 
1.0 HVLT 
1.9E + 8 
4.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined Failure Rate (FITs) = 
44 
91 


48 Hour Bllnfant Mortality = 0/4098 = 0.00% 


• 


Actual 
Equivalent 
Fall Rate in FITs 
Device 
Ea 
Device Hrs 
# 
(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
70"C 
55·C 
70·C 


7.20E + 5 
0.3 LT 
4.0E + 6 
2.6E + 6 
5.0E + 5 
0.3 HVLT· VAF 
7.2E + 7 
4.7E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


7.20E + 5 
0.5 LT 
1.2E + 7 
6.1E + 6 
5.0E + 5 
0.5 HVLT 
8.6E + 6 
4.25E + 6 


Total 0.5 eV Failures = 
0 
44 
88 


7.20E + 5 
0.6 LT 
2.2E + 7 
9.4E + 6 
5.0E + 5 
0.6 HVLT 
1.5E + 7 
6.5E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


7.20E + 5 
1.0 LT 
2.1E + 8 
5.2E + 7 
5.0E + 5 
1.0 HVLT 
1.5E + 8 
3.6E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined Failure Rate (FITs) = 
44 
88 


48 Hour Bllnfant Mortality = 0/2395 = 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 
Device 
Ea 
Device Hrs 
# 
(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


1.3E + 6 
0.3 LT 
7.0E + 6 
4.6E + 6 
1.1E + 6 
0.3 HVLT • VAF 
1.5E + 8 
1.0E + 8 


Total 0.3 eV Failures = 
0 
0 
0 


1.3E + 6 
0.5 LT 
2.2E + 7 
1.1E + 7 
1.1E + 6 
0.5 HVLT 
1.8E + 7 
9.0E + 6 


Total 0.5 eV Failures = 
0 
23 
46 


1.3E + 6 
0.6 LT 
3.9E + 7 
1.7E + 7 
1.1E+6 
0.6 HVLT 
3.2E + 7 
1.4E + 7 


Total 0.6 eV Failures = 
0 
0 
0 


1.3E + 6 
1.0 LT 
3.7E + 8 
9.2E + 7 
1.1E + 6 
1.0 HVLT 
3.1E + 8 
7.7E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined Failure Rate (FITs) = 
23 
46 


48 Hour Bllnfant Mortality = 0/2225 = 0.00% = 142 DPM @ 60% Confidence 
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Theta Ja = 
68°CfW 
Temp with Theta Ja 


Theta Jc = 
30°CfW 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
340.5 K 


lee @ 55°C = 
35 mA 
T(70°C) = 
355.5 K 
lee @ 70°C = 
35 mA 
T(125°C) = 
410.5 K 
lee @ 125°C = 
35 mA 
T(250°C) = 
535.5 K 
Boltzman'sConstant 
= K = 8.62 x 1O-5eVfK 


Lifetest 
(Lnand 
High Voltage 
Lifetest 
(HVL n 


Activation 
550C 
700C 
Energy 
0.3 
5.71 
3.71 
0.5 
18.3 
8.90 
0.6 
32.7 
13.8 
1.0 
334 
79.2 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


55°C 


nfa 
730 
2730 
nfa 


nfa 
337 
1080 
nfa 


Other Data (PDIP and PLCC) 


Theta Ja = 
90°CfW 
Temp with Theta Ja 
Theta Jc = 
25°CfW 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
344.5 K 
lee @ 55°C = 
35 mA 
T(70°C) = 
359.5 K 
lee @ 70°C = 
35 mA 
T(125°C) = 
414.5 K 
lee 
@ 125°C = 
35 mA 
T(250°C) = 
539.5 K 
Boltzman'sConstant 
= K = 8.62 x 1O-5eVfK 


Thermal Acceleration 
Factors- 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL n 


Activation 
550C 
700C 
Energy 
0.3 
5.51 
3.61 
0.5 
17.2 
8.50 
0.6 
30.3 
13.1 
1.0 
295 
72.3 


Failure Analysis 


N/A 


Bake 


Activation 
55°C 
70°C 
Energy 
0.3 
nfa 
nfa 
0.5 
730 
337 
0.6 
2730 
1080 
1.0 
nfa 
nfa 
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Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C224 
8 Macrocells 
24 Lead, 300 mil CERDIP and PDIP; 28 Lead PLCC 


99 x 94 mils 
-7K 
CHMOS IIIE, P629.5 
12.5V 
CMOS 


Burn-In 
125·C Dynamic 
Package 
Lifetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/897 
0/897 
0/255 
0/255 
PDIP 
0/300 
0/300 
0/170 
0/170 


TOTALS 
0/1197 
0/1197 
0/425 
0/425 


125·C High Voltage Dynamic 
Package 
Lifetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/728 
1/450 
0/449 
0/449 
PDIP 
0/300 
0/297 
0/297 
0/297 


TOTALS 
0/1028 
1/747 (A) 
0/746 
0/746 


Package 
Data Retention Bake (CERDIP @ 250·C, PDIP @ 140·C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 
0/300 
PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 
0/300 


Package 
Temperature Cycling (Condition "C"-1500C 
to -65·C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/90 
0/90 
PDIP 
0/60 
0/60 
PLCC 
0/60 
0/60 


TOTALS 
0/210 
0/210 


Package 
Steam (121·C, 2 ATM) 


168 Hours 
336 Hours 
500 Hours 
PDIP 
0/200 
0/200 
PLCC 
0/100 
0/100 


TOTALS 
0/300 
0/300 
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Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UeL) 


Hrs 
(eV) 
Fail 
55·e 
70·e 
55·e 
70·e 


3.2E + 5 
0.3 LT 
1.9E + 6 
1.2E + 6 


4.3E + 5 
0.3 HVLT· 
VAF 
6.5E + 7 
4.2E + 7 


Total 0.3 eV Failures = 
0 
30 
46 


3.2E + 5 
0.5 LT 
6.1E + 6 
2.9E + 6 
4.3E + 5 
0.5 HVLT 
8.2E + 6 
3.9E + 6 


Total 0.5 eV Failures = 
1 
142 
294 


3.2E + 5 
0.6LT 
1.1E + 7 
4.6E + 6 
4.3E + 5 
0.6 HVLT 
1.5E + 7 
6.1E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


3.2E + 5 
1.0 LT 
1.2E + 8 
2.7E + 7 
4.3E + 5 
1.0 HVLT 
1.6E + 8 
3.6E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
172 
330 


48 Hour 81 Infant Mortality = 0/1625 
= 0.00% 


Equivalent 
. 


Fall Rate in FITs 
Actual 
Device 
Ea 
Device 
Hrs 
# 
(60% UeL) 


Hrs 
(eV) 
Fall 
55·e 
70·e 
55·e 
70·e 


1.8E + 5 
0.3 LT 
1.0E + 6 
6.6E + 5 
2.8E + 5 
0.3 HVLT· 
VAF 
4.1E + 7 
2.7E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


1.8E + 5 
0.5LT 
3.2E + 6 
1.6E + 6 
2.8E + 5 
0.5 HVLT 
5.0E + 6 
2.5E + 6 


Total 0.5 eV Failures = 
0 
111 
227 


1.8E + 5 
0.6LT 
5.7E + 6 
2.4E + 6 
2.8E + 5 
0.6 HVLT 
8.9E + 6 
3.8E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


1.8E + 5 
1.0 LT 
5.8E + 7 
1.4E + 7 
2.8E + 5 
1.0 HVLT 
9.0E + 7 
2.2E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
111 
227 


48 Hour 81 Infant Mortality = 0/600 
= 0.00% 


• 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
/; 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


5.0E + 5 
0.3 LT 
2.8E + 6 
1.8E + 6 
7.1E + 5 
0.3 HVL T' 
VAF 
1.0E + 8 
6.8E + 7 


Total 0.3 eV Failures = 
0 
19 
29 


5.0E + 5 
0.5 LT 
9.0E + 6 
4.4E + 6 
7.1E + 5 
0.5 HVLT 
1.3E + 7 
6.2E + 6 


Total 0.5 eV Failures = 
1 
93 
190 


5.0E + 5 
0.6 LT 
1.6E + 7 
6.8E + 6 
7.1E + 5 
0.6 HVLT 
2.3E + 7 
9.6E + 6 
. 


Total 0.6 eV Failures = 
0 
0 
0 


5.0E + 5 
1.0 LT 
1.6E + 8 
3.9E + 7 
7.1E + 5 
1.0 HVLT 
2.3E + 8 
5.5E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
112 
219 


48 Hour Bllnfant 
Mortality = 0/2225 = 0.00% = 412 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 


lee@ 70°C = 
lee@ 
125°C = 


55°C/W 
20°C/W 
5.25V 
35mA 
35mA 
35mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


338.1 K 
353.1 K 
408.1 K 
533.1 K 


Litetest 
(LT) and 
Bake 
High Voltage 
Lltetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.84 
3.77 
0.3 
nla 
nla 
0.5 
19.0 
9.15 
0.5 
730 
337 
0.6 
34.2 
14.2 
0.6 
2730 
1080 
1.0 
360 
83.7 
1.0 
nla 
nla 
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ThetaJa = 
ThetaJc = 


Vee = 
lee@ 
55°C = 
lee@70°C 
= 
lee@ 
125°C = 


75°CfW 
22°CfW 
5.25V 
35mA 
35mA 
35mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


341.8 K 
356.8 K 
411.8 K 
536.8 K 


Llfetest 
(LT) and 
Bake 
High Voltage 
L1fetest (HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.65 
3.68 
0.3 
nfa 
nfa 
0.5 
17.9 
8.77 
0.5 
730 
337 
0.6 
31.9 
13.5 
0.6 
2730 
1080 
• 


1.0 
321 
76.9 
1.0 
nfa 
nfa 


ThetaJa = 
ThetaJc = 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee @ 125°C = 


75°CfW 
22°CfW 
5.25V 
35mA 
35mA 
35mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


341.8 K 
356.8 K 
411.8 K 
536.8 K 


Thermal Acceleration 
Factors- 


L1fetest (LT) and 
High Voltage 
Llfetest 
(HVL T) 


Activation 
550C 
70"C 
Energy 
0.3 
5.65 
3.68 
0.5 
17.9 
8.77 
0.6 
31.9 
13.5 
1.0 
321 
76.9 


Failure Analysis 
A. Leakage failure, 0.5 eV 


Bake 


Activation 
55°C 
70°C 
Energy 
0.3 
nfa 
nfa 
0.5 
730 
337 
0.6 
2730 
1080 
1.0 
nfa 
nfa 
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Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C060 
16 B Macrocells 
24 Lead, 300 mil CERDIP and PDIP; 28 Lead PLCC 
112x136mils 
-14K 
CHMOS IIIE, P629.5 
12.5V 
CMOS 


Bum-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
1/900 
0/899 
0/270 
0/270 
PDIP 
0/600 
0/600 
0/180 
0/180 


TOTALS 
1/1500A 
0/1499 
0/450 
0/450 


125°C High Voltage 
Dynamic 


Package 
Llfetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/450 
0/450 
0/450 
PDIP 
0/300 
0/300 
0/300 


TOTALS 
0/750 
0/750 
0/750 


AdditionalReadouts: 
CERDIP 
0/450 
@ 1K Hours HVL T 
PDIP 
0/450 
@ 1K Hours HVL T;0/450 
@ 2K Hours HVL T 


Package 
Data Retention 
Bake (CERDIP 
@ 2500C, PDIP 
@ 1400C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 
PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 


Package 
Temperature 
Cycling (Condition 
"C"-150·C 
to -65·C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/90 
0/90 
PDIP 
0/60 
0/60 
PLCC 
0/110 
0/110 


TOTALS 
0/260 
0/260 


Package 
Steam (121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/200 
0/200 
PLCC 
0/100 
1/100 


TOTALS 
0/300 
1/300 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


3.3E + 5 
0.3 LT 
1.8E + 6 
1.2E + 6 
4.3E + 5 
0.3 HVLT· 
VAF 
6.0E + 7 
4.0E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


3.3E + 5 
0.5 LT 
5.5E + 6 
2.8E + 6 
4.3E + 5 
0.5 HVLT 
7.1E + 6 
3.6E + 6 


Total 0.5 eV Failures = 
0 
72 
145 


3.3E + 5 
0.6 LT 
9.7E + 6 
4.2E + 6 
4.3E + 5 
0.6 HVLT 
1.3E + 7 
5.4E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


3.3E + 5 
1.0 LT 
9.2E + 7 
2.3E + 7 
4.3E + 5 
1.0 HVLT 
1.2E + 8 
3.0E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
72 
145 


48 Hour BI Infant Mortality = 1/2250 
= 0.044% 


• 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55·C 
70·C 
55·C 
70·C 


2.2E + 5 
0.3 LT 
1.2E + 6 
7.8E + 5 
2.9E + 5 
0.3 HVLT' 
VAF 
3.9E + 7 
2.6E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


2.2E + 5 
0.5 LT 
3.6E + 6 
1.8E + 6 
2.9E + 5 
0.5 HVLT 
4.6E + 6 
2.3E + 6 


Total 0.5 eV Failures = 
0 
112 
223 


2.2E + 5 
0.6 LT 
6.2E + 6 
2.7E + 6 
2.9E + 5 
0.6 HVLT 
8.0E + 6 
3.5E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


2.2E + 5 
1.0 LT 
5.7E + 7 
1.5E + 7 
2.9E + 5 
1.0 HVLT 
7.4E + 7 
1.9E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
112 
223 


48 Hour Bllnfant 
Mortality = 0/900 
= 0.00% 


Actual 
Equivalent 
Fail Rate In FITs 


Device 
Ea 
Device Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


5.6E + 5 
0.3 LT 
2.9E + 6 
2.0E + 6 
7.1E + 5 
0.3 HVL T' 
VAF 
9.8E + 7 
6.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


5.6E + 5 
0.5 LT 
8.9E + 6 
4.5E + 6 
7.1E + 5 
0.5 HVLT 
1.2E + 7 
5.8E + 6 


Total 0.5 eV Failures = 
0 
45 
89 


5.6E + 5 
0.6 LT 
1.6E + 7 
6.8E + 6 
7.1E + 5 
0.6 HVLT 
2.0E + 7 
8.8E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


5.6E + 5 
1.0 LT 
1.4E + 8 
3.6E + 7 
7.1E + 5 
1.0 HVLT 
1.8E + 8 
4.7E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
45 
89 


48 Hour Bllnfant 
Mortality = 1/2250 
= 0.04% = 899 DPM ~ 60% Confidence 


ThetaJa = 
ThetaJc = 
Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee @ 125°C = 


59°C/W 
18°C/W 
5.25V 
60mA 
60mA 
60mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


346.6 K 
361.6 K 
416.6 K 
541.6 K 


Llfetest 
(LT) and 
Bake 
High Voltage 
L1fetest (HVL T) 
Activation 
55°e 
700e 
Activation 
55°e 
700e 
Energy 
Energy 
0.3 
5.41 
3.56 
0.3 
n/a 
n/a 
0.5 
16.6 
8.31 
0.5 
730 
337 
0.6 
29.2 
12.7 
0.6 
2730 
1080 
• 


1.0 
277 
69.1 
1.0 
n/a 
n/a 


ThetaJa = 
ThetaJc = 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


67"C/W 
45°C/W 
5.25V 
60mA 
60mA 
60mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) 
= 


349.1 K 
364.1 K 
419.1 K 
544.1 K 


L1fetest (LT) and 
Bake 
High Voltage 
L1fetest (HVL T) 
Activation 
55°e 
70 
0e 
Activation 
55°e 
70 
0e 
Energy 
Energy 
0.3 
5.29 
3.51 
0.3 
n/a 
n/a 
0.5 
16.0 
8.09 
0.5 
730 
337 
0.6 
27.9 
12.3 
0.6 
2730 
1080 
1.0 
257 
65.4 
1.0 
n/a 
n/a 


Theta Ja = 
65°CfW 
Temp with Theta Ja 
Theta Jc = 
16°CfW 
Degree 
Kelvin 


Vee = 
5.25V 
T(55°C) = 
349.1 K 
Ice @55°C = 
60 mA 
T(70°C) = 
364.1 K 
lee@ 70°C = 
60 mA 
T(125°C) = 
419.1 K 


Ice @ 125°C = 
60 mA 
T(250°C) = 
544.1 K 
Saltzman's Constant = K = 8.62 X 10-5 
eVfK 


L1fetest (Lnand 
High Voltage 
L1fetest (HVL n 


Activation 
550C 
700C 
Energy 
0.3 
5.29 
3.51 
0.5 
16.0 
8.09 
0.6 
27.9 
12.3 
1.0 
257 
65.4 


Bake 


Activation 
55°C 
700C 
Energy 
0.3 
nfa 
nfa 
0.5 
730 
337 
0.6 
2730 
1080 
1.0 
nfa 
nfa 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 


Technology: 


85C090 
24 Macrocells 
40 Lead, 600 mil CERDIP and PDIP; 44 Lead PLCC 


136 x 152 mils 
-30K 
CHMOS IIIE, P629.5 
12.5V 
CMOS 


Burn-In 
125°C Dynamic 


Package 
Llfetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/900 
0/900 
0/90 
0/90 
PDIP 
0/600 
0/600 


TOTALS 
0/1500 
0/1500 
0/90 
0/90 


125°C High Voltage 
Dynamic 


Package 
L1fetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/450 
0/450 
0/270 
PDIP 
0/300 
0/300 
0/240 


TOTALS 
0/750 
0/750 
0/510 


Additional 
Readouts: 


CERDIP 
0/270 
@ 1K Hours HVL T 
PDIP 
0/240 
@ 1K Hours HVL T 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C, PDIP 
@ 140"C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 
PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 
• 


intel~ 


Package 
Temperature Cycling (Condition "C"-150·C 
to -65·C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/90 
0/90 
PDIP 
0/60 
0/60 
PLCC 
0/149 
0/149 


TOTALS 
0/299 
0/299 


Package 
Steam (121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/200 
0/200 
PLCC 
0/100 
0/100 


TOTALS 
0/300 
0/300 


Actual 
Equivalent 
Fall Rate In FITs 
Device 
Ea 
Device Hrs 
II 
(60% UCL) 
Hrs 
(eV) 
Fall 
55·C 
700C 
55·C 
70·C 


9.0E + 4 
0.3 LT 
4.6E + 5 
3.1E + 5 
2.7E + 5 
0.3 HVLT· VAF 
3.6E + 7 
2.4E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


9.0E + 4 
0.5LT 
1.4E + 6 
7.0E + 5 
2.7E + 5 
0.5 HVLT 
4.1E + 6 
2.1E + 6 


Total 0.5 eV Failures = 
0 
166 
326 


9.0E + 4 
0.6LT 
2.4E + 6 
1.1E + 6 
2.7E + 5 
0.6 HVLT 
7.1E + 6 
3.2E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


9.0E + 4 
1.0 LT 
2.1E + 7 
5.5E + 6 
2.7E + 5 
1.0 HVLT 
6.3E + 7 
1.6E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined Failure Rate (FITs) = 
166 
326 


48 Hour Bllnfant Mortality = 0/1350 = 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
SS·C 
70·C 
SS·C 
70°C 


7.2E + 4 
0.3 LT 
3.6E + 5 
2.4E + 5 
2.4E + 5 
0.3 HVL T • VAF 
3.1E + 7 
2.1E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


7.2E + 4 
0.5 LT 
1.1E + 6 
5.4E + 5 
2.4E + 5 
0.5 HVLT 
3.5E + 6 
1.8E + 6 


Total 0.5 eV Failures = 
0 
202 
390 


7.2E + 4 
0.6 LT 
1.8E + 6 
8.1E + 5 
2.4E + 5 
0.6 HVLT 
6.0E + 6 
2.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


7.2E + 4 
1.0 LT 
1.5E + 7 
4.1E + 6 
2.4E + 5 
1.0 HVLT 
5.1E + 7 
1.4E + 7 


Total 1.0 eV Failures = 
0 
0 
- 
0 


Combined 
Failure Rate (FITs) = 
202 
390 


48 Hour 81 Infant Mortality = 0/900 
= 0.00% 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
SSOC 
70°C 
SsoC 
70"C 


1.6E + 5 
0.3 LT 
8.0E + 5 
5.4E + 5 


5.1E + 5 
0.3 HVL T' 
VAF 
6.6E + 7 
4.5E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


1.6E + 5 
0.5 LT 
2.3E + 6 
1.2E + 6 


5.1E + 5 
0.5 HVLT 
7.4E + 6 
3.8E + 6 


Total 0.5 eV Failures = 
0 
94 
182 


1.6E + 5 
0.6 LT 
4.0E + 6 
1.8E + 6 
5.1E + 5 
0.6 HVLT 
1.3E + 7 
5.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


1.6E + 5 
1.0 LT 
3.4E + 7 
9.1E + 6 
5.1E- + 5 
1.0 HVLT 
1.1E + 8 
2.9E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
94 
182 


48 Hour 81 Infant Mortality = 0/2250 
= 0.00% = 408 DPM 
@ 60% Confidence 


• 
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Other Data (CERDIP) 


Theta Ja = 
44.5°CfW 
Temp with Theta Ja 
Theta Jc' = 
17"CfW 
Degree Kelvin 
Vee = 
5.25V 
T(55°C) = 
353.5 K 
lee @ 55°C = 
105 mA 
T(70°C) = 
368.5 K 
lee @ 70°C = 
105 mA 
T(125°C) = 
423.5 K 
lee @ 125°C = 
105 mA 
T(250°C) = 
548.5 K 
Soltzman's Constant = K = 8.62 X 10-5 
eVfK 


Thermal Acceleration 
Factors- 


Llfetest 
(LT) and 
High Voltage 
Llfetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
5.13 
3.43 
0.5 
15.3 
7.8 
0.6 
26.3 
11.8 
1.0 
233 
60.9 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


nfa 
730 
2730 
nfa 


nfa 
337 
1080 
nfa 


Theta Ja = 
51°CfW 
Temp with Theta Ja 
Theta Jc = 
29°CfW 
Degree Kelvin 
Vee = 
5.25V 
T(55°C) = 
356.1 K 
Ice @ 55°C = 
105 mA 
T(70°C) = 
371.1 K 
Ice @ 70°C = 
105 mA 
T(125°C) = 
426.1 K 
lee @ 125°C = 
105 mA 
T(250°C) = 
551.1 K 
Soltzman's Constant = K = 8.62 X 10-5 
eVfK 


Llfetest 
(LT) and 
Bake (140°C) 
High Voltage 
Llfetest 
(HVL T) 
Activation 
55°C 
70"C 
Activation 
55°C 
70"C 
Energy 
Energy 
0.3 
4.98 
3.35 
0.3 
nfa 
nfa 
0.5 
14.5 
7.52 
0.5 
730 
337 
0.6 
24.8 
11.3 
0.6 
2730 
1080 
1.0 
211 
56.5 
1.0 
nfa 
nfa 


Theta Ja = 
55°C/W 
Temp with Theta Ja 
Theta Jc = 
16°C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
356.1 K 
lee @55°C = 
105 mA 
T(70°C) = 
371.1 K 
lee @70°C = 
105 mA 
T(125°C) = 
426.1 K 


lee@ 125°C = 
105 mA 
T(250°C) = 
551.1 K 
Soltzman's Constant = K = 8.62 X 10-5 
eV/K 


Thermal Acceleration 
Factors- 


Llfetest 
(LT) and 
High Voltage 
Llfetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
4.98 
3.35 
0.5 
14.5 
7.52 
0.6 
24.8 
11.3 
1.0 
211 
56.5 


Failure Analysis 


N/A 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


n/a 
730 
2730 
n/a 


n/a 
337 
1080 
n/a 
• 


Device: 
Organization: 


Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


85C508 
Decoder/Latch 
PLD 
28 Lead, 300 mil CERDIP and PDIP; 28 Lead PLCC 
65 x 98 mils 
-10K 


CHMOS IIIE, P629.5 
l2.5V 


CMOS 


Burn-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
1K Hours 
2K Hours 


CERDIP 
0/1200 
0/1195 
0/270 
PDIP 
1/800 
0/799 
0/180 


TOTALS 
1/2000 
0/1994 
0/450 
A 


125°C High Voltage 
Dynamic 


Package 
Llfetest 
(6.5V) 


48 Hours 
168 Hours 
1K Hours 


CERDIP 
1/599 
0/599 
0/270 


PDIP 
0/399 
0/399 
0/180 


TOTALS 
1/998 
0/998 
0/450 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C, PDIP 
@ 140°C) 


168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/300 
0/300 
PDIP 
0/200 
0/200 


TOTALS 
0/500 
0/500 


Package 
Temperature 
Cycling 
(Condition 
"C"-1SO"C 
to -65°C) 


500 Cycles 
1KCycies 
2KCycies 


CERDIP 
0/150 
0/150 
PDIP 
0/100 
0/100 
PLCC 
0/60 
0/60 


TOTALS 
0/310 
0/310 


Package 
Steam 
(121°C, 2 ATM) 


168 Hours 
336 Hours 
500 Hours 


PDIP 
0/200 
0/200 
0/200 
PLCC 
1/600 
0/60 


TOTALS 
0/260 
0/260 
0/200 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
70°C 


3.7E + 5 
0.3 LT 
2.2E + 6 
1.4E + 6 
3.0E + 5 
0.3 HVL T' 
VAF 
4.5E + 7 
2.9E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


3.7E + 5 
0.5 LT 
7.1E + 6 
3.4E + 6 
3.0E + 5 
0.5 HVLT 
5.7E + 6 
2.7E + 6 


Total 0.5 eV Failures = 
0 
71 
151 


3.7E + 5 
0.6 LT 
1.3E + 7 
5.2E + 6 
3.0E + 5 
0.6 HVLT 
1.0E + 7 
4.2E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


3.7E + 5 
1.0 LT 
1.4E + 8 
3.1E + 7 
3.0E + 5 
1.0 HVLT 
1.1E + 8 
2.5E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
71 
151 


48 Hour Bllnfant 
Mortality = 0/1799 
= 0.00% 
• 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


2.5E + 5 
0.3 LT 
1.4E + 6 
9.1E + 5 
2.0E + 5 
0.3 HVLT' 
VAF 
3.0E + 7 
1.9E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


2.5E + 5 
0.5 LT 
4.6E + 6 
2.2E + 6 
2.0E + 5 
0.5 HVLT 
3.7E + 6 
1.8E + 6 


Total 0.5 eV Failures = 
0 
111 
232 


2.5E + 5 
0.6 LT 
8.2E + 6 
3.4E + 6 
2.0E + 5 
0.6 HVLT 
6.6E + 6 
2.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


2.5E + 5 
1.0 LT 
8.5E + 7 
1.9E + 7 
2.0E + 5 
1.0 HVLT 
6.8E + 7 
1.6E + 6 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
111 
232 


48 Hour 81 Infant Mortality 
= 1/1199 
= 0.08% 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


6.1E + 5 
0.3 LT 
3.6E + 6 
2.3E + 6 
5.0E + 5 
0.3 HVLT' 
VAF 
7.4E + 7 
4.8E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


6.1E + 5 
0.5 LT 
1.1E + 7 
5.5E + 6 
5.0E + 5 
0.5 HVLT 
9.2E + 6 
4.4E + 6 


Total 0.5 eV Failures = 
0 
44 
92 


6.1E + 5 
0.6 LT 
2.1E + 7 
8.5E + 6 
5.0E + 5 
0.6 HVLT 
1.7E + 7 
6.8E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


6.1E + 5 
1.0 LT 
2.1E + 8 
4.9E + 7 
5.0E + 5 
1.0 HVLT 
1.7E + 8 
3.9E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
44 
92 


48 Hour 81 Infant Mortality 
= 1/2998 
= 0.03% 
= 675 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@55°C 
= 
lee@ 
70°C = 
lee@ 
125°C = 


83°C/W 
18°C/W 
5.25V 
15mA 
15mA 
12mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


335 K 
350K 
403 K 
523 K 


Llfetest 
(LT) and 
Bake (250°C) 
High Voltage 
L1fetest (HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.88 
3.76 
0.3 
nla 
nla 
0.5 
19.2 
9.10 
0.5 
727 
336 
0.6 
34.6 
14.2 
0.6 
2718 
1075 
• 


1.0 
367 
82.8 
1.0 
nla 
nla 


ThetaJa 
= 
ThetaJc 
= 
Vee = 
lee@55°C 
= 
lee@ 
70°C = 
lee@ 
125°C = 


100°C/W 
23°C/W 
5.25V 
15 mA 
15mA 
12mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(250°C) = 


336 K 
350 K 
403 K 
413 K 


Thermal Acceleration Factors- 


L1fetest (LT) and 
High Voltage 
L1fetest (HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
5.77 
3.71 
0.5 
18.6 
8.87 
0.6 
33.3 
13.7 
1.0 
345 
78.8 


Bake (140°C) 


Activation 
55°C 
70°C 
Energy 
0.3 
nla 
nla 
0.5 
38.0 
17.5 
0.6 
78.7 
31.1 
1.0 
nla 
nla 


Device: 
Organization: 


Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5AC312 
12 Macrocells 
24 Lead, 300 mil CERDIP and PDIP (28 Lead PLCe) 
130 x 189 mils 
-17K 
CHMOS IIIE, P429 
12.5V 


CMOS 


Burn-In 
125·C Dynamic 


Package 
Litetest 
48 Hours 
1Ei8Hours 
500 Hours 
1K Hours 


CERDIP 
1/3960 
0/2955 
0/183 
0/183 


TOTALS 
1/3960 
0/2955 
0/183 
0/183 
A 


Additional Readouts: 


CERDIP 
0/183 
@ 2K Hours Lifetest 


125·C High Voltage Dynamic 
Package 
L1tetest (7.0V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/97 
0/93 
0/92 


TOTALS 
0/97 
0/93 
0/92 


Additional Readouts: 


CERDIP 
0/80 
@ 1K Hours High Voltage Lifetest 


Package 
Data Retention Bake (CERDIP @ 250·C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/100 
0/99 
0/99 


TOTALS 
0/100 
0/99 
0/99 


Additional Readouts: 


CERDIP 
0/96 
@ 1K Hours, 250·C Bake 


Package 
Temperature Cycling (Condition "C"-150"C 
to -65°C) 


200 Cycles 
500 Cycles 
1KCycies 


PDIP 
0/234 
0/234 
0/234 


TOTALS 
0/234 
0/234 
0/234 


Package 
85°C/85% Relative Humidity 


168 Hours 
500 Hours 
1KHours 


PDIP 
0/219 
0/219 
0/219 


TOTALS 
0/219 
0/219 
0/219 


Additional Readouts: 


PDIP 
0/219 
@ 2K Hours 


Package 
Thermal Shock (Condition "C"-150°C 
to -65°C) 


50 Cycles 
200 Cycles 
500 Cycles 


PDIP 
0/231 
0/231 
0/231 


TOTALS 
0/231 
0/231 
0/231 


Package 
Steam (121°C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/393 
0/393 
PLCC 
0/304 
0/304 


TOTALS 
0/697 
0/697 


Additional Readouts: 
PDIP 
0/234 
@ 336 Hours of Steam 
• 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
70°C 
55°C 
700C 


6.90E + 05 
0.3 LT 
3.42E + 06 
2.26E + 06 
0 
8.64E + 04 
0.3 HVL T • VAF 
3.98E + 07 
2.63E + 07 
0 


Total 0.3 eV Failures = 
0 
0.0 
0.0 


6.90E + 05 
0.5 LT 
9.96E + 06 
5.00E + 06 
0 
8.64E + 04 
0.5 HVLT 
1.25E + 06 
6.26E + 05 
0 


Total 0.5 eV Failures = 
0 
81.7 
162.7 


6.90E + 05 
0.6LT 
1.70E + 07 
7.42E + 06 
0 
8.64E + 04 
0.6 HVLT 
2.13E + 06 
9.29E + 05 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


6.90E + 05 
1.0 LT 
1.44E + 08 
3.62E + 07 
0 
8.64E + 04 
1.0 HVLT 
1.80E + 07 
4.53E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
81.7 
162.7 


48 Hour Bllnfant 
Mortality = 1/3960 
= 0.0253% 
= 511 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 
Vee = 


lce@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


4rc/w 
16°C/W 
5.25V 
80mA 
80mA 
65mA 


Temp 
with 
Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(250°C) 
= 


348 K 
363 K 
414 K 
523 K 


L1fetest 
(L T) and 
Bake (2500C) 
High Voltage 
L1fetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.96 
3.28 
0.3 
n/a 
n/a 
0.5 
14.43 
7.24 
0.5 
727.61 
335.91 
0.6 
24.61 
10.76 
0.6 
2718.18 
1075.15 
1.0 
208.28 
52.47 
1.0 
n/a 
n/a 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 70°C = 
lee@ 
125°C = 


52°C/W 
16°C/W 
5.25V 
80mA 
80mA 
65mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) = 


349.84 K 
364.84 K 
415.75 K 
413 K 


Thermal Acceleration 
Factors- 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
4.84 
3.21 
0.5 
13.83 
7.00 
0.6 
23.39 
10.33 
1.0 
191.27 
48.96 


Other Data (PLCC) 


Theta Ja = 
56°C/W 
Theta Jc = 
16°C/W 
Vee = 
5.25V 
lee @ 55°C = 
80 mA 
lee @ 70°C = 
80 mA 
lee @ 125°C = 
65 mA 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) = 


n/a 
38.00 
78.65 
n/a 


n/a 
17.54 
31.11 
n/a 


351.52 K 
366.52 K 
417.11 K 
413 K 


Lifetest 
(LT) and 
Bake (140°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.74 
3.16 
0.3 
n/a 
n/a 
0.5 
13.37 
6.81 
0.5 
38.00 
17.54 
0.6 
22.46 
9.99 
0.6 
78.65 
31.11 
1.0 
178.85 
46.37 
1.0 
n/a 
n/a 


Voltage Acceleration 
Factor 
(VAF) for HVLT 
on this process is 26 (6.5V) and 93 (7.0V). 


NOTE: 
FIT = Failure in Time. 1 FIT = 1 failure per 1 x 109 device hours. 


Failure Analysis 
A. I oxide failure 
- 
0.3 eV 


• 


uevlce: 
Organization: 
Pinout: 


Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5AC324 
24 Macrocells 
40 Lead, 600 mil CERDIP and PDIP (44 Lead PLCC) 


241 x 187 mils 
-68K 
CHMOS IIIE, P429 
12.5V 
CMOS 


Burn-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
4/5721 
0/2972 
0/401 
0/401 


TOTALS 
4/5721 
0/2972 
0/401 
0/401 
A 


Additional 
Readouts: 


CERDIP 
0/103 
@ 2K Hours Lifetest 


125°C High Voltage 
Dynamic 


Package 
L1fetest (7.0V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/113 
0/113 
0/113 


TOTALS 
0/113 
0/113 
0/113 


Additional 
Readouts: 


CERDIP 
0/113 
@ 1K Hours High Voltage 
Lifetest 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/99 
0/99 
0/99 


TOTALS 
0/99 
0/99 
0/99 


Additional 
Readouts: 


CERDIP 
0/99 
@ 1K Hours, 250°C Bake 


intel~ 


Package 
Temperature 
Cycling 
(Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1000 Cycles 


CERDIP 
0/176 
0/176 
0/176 


PDIP 
0/48 
0/48 
0/48 


Additional 
Readouts: 
CERDIP 
0/176 
@ 1700 Cycles 
PDIP 
0/48 
@ 1700 Cycles 


Package 
85·C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PDIP 
0/291 
0/291 
0/291 


TOTALS 
0/291 
0/291 
0/291 


Package 
Steam 
(121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/104 
0/104 
PLCC 
0/481 
0/481 


TOTALS 
0/585 
0/585 


Additional 
Readouts: 


PDIP 
0/104 
@ 500 Hours of Steam 
PLCC 
0/333 
@ 500 Hours of Steam 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
70·C 


7.93E + 05 
0.3 LT 
3.66E + 06 
2.46E + 06 
0 
1.13E + 05 
0.3 HVLT· 
VAF 
4.85E + 07 
3.26E + 07 
0 


Total 0.3 eV Failures = 
0 
0.0 
0.0 


7.93E + 05 
0.5 LT 
1.01E + 07 
5.22E + 06 
0 
1.13E + 05 
0.5 HVLT 
1.44E + 06 
7.44E + 05 
0 


Total 0.5 eV Failures = 
0 
79.0 
153.3 


7.93E + 05 
0.6LT 
1.69E + 07 
7.62E + 06 
0 
1.13E + 05 
0.6 HVLT 
2.40E + 06 
1.09E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


7.93E + 05 
1.0 LT 
1.30E + 08 
3.44E + 07 
0 
1.13E + 05 
1.0 HVLT 
1.85E + 07 
4.90E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
79.0 
153.3 


48 Hour Bllnfant 
Mortality = 4/5721 
= 0.0699% 
= 916 DPM 
@ 60% Confidence 


• 


Other Data (CERDIP) 


Theta Ja = 
34°CfW 
Temp with Theta Ja 
Theta Jc = 
13°CfW 
Degree Kelvin 
Vee = 
5.25V 
T(55°C) = 
355 K 
lee @ 55°C = 
150 mA 
T(70°C) = 
370 K 
lee @ 70°C = 
150 mA 
T(125°C) = 
420 K 
lee @ 125°C = 
125 mA 
T(250°C) = 
523 K 
Boltzman'sConstant 
= K = 8.62 x 1O-5eVfK 


Thermal Acceleration Factors- 


Lifetest 
(Lnand 
High Voltage 
Lifetest 
(HVL n 
Activation 
SsoC 
'700C 
Energy 
0.3 
4.61 
3.10 
0.5 
12.78 
6.59 
0.6 
21.27 
9.60 
1.0 
163.32 
43.38 


Bake (2S0°C) 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


70°C 


nfa 
335.91 
1075.15 
nfa 


nfa 
727.61 
2718.18 
nfa 


Theta Ja = 
43°CfW 
Temp with Theta Ja 
Theta Jc = 
15°CfW 
Degree Kelvin 
Vee = 
5.25V 
T(55°C) = 
361.86 K 
lee @ 55°C = 
150 mA· 
T(70°C) = 
376.86 K 
lee @ 70°C = 
150 mA 
T(125°C) = 
426.22 K 
lee @ 125°C = 
125 mA 
T(140°C) = 
413 K 
Boltzman's Constant = K = 8.62 X 10-5 
eVfK 


Thermal Acceleration Factors- 


Lifetest 
(LT) and 
High Voltage 
Lifetest 
(HVL T) 
Activation 
SsoC 
700C 
Energy 
0.3 
4.27 
2.91 
0.5 
11.23 
5.94 
0.6 
18.22 
8.48 
1.0 
126.20 
35.25 


Bake (140°C) 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


70°C 


nfa 
17.54 
31.11 
nfa 


nfa 
38.00 
78.65 
nfa 


Voltage Acceleration Factor (VAP) for HVLT on this process is 26 (6.5V) and 93 (7.0V). 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


A. 2 passivation crack - 
0.5 eV 
I metal stringer - 
0.5 eV 
I oxide defect - 
0.3 eV 


Device: 


Organization: 


Pinout: 


Die Size: 


Transistor 
Count: 


Process: 


Programming 
Voltage: 


Technology: 


5C032 


8 Macrocells 


20 Lead, 300 mil CERDIP 
and PDIP 


86 x 93 mils 
-7K 


CHMOS 
lIE, 
P424 


12.5V 


CMOS 


Burn-In 
125·C Dynamic 


Package 
Llfetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/2956 
0/2956 
0/299 
2/283 
PDIP 
1/2661 
0/2660 
0/149 
0/146 


TOTALS 
1/5617 
0/5616 
0/448 
2/429 
A 
B 


Additional 
Readouts: 
CERDIP 
0/281 
@ 2K Hours Lifetest 


125·C High Voltage 
Dynamic 


Package 
L1fetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/200 
0/200 
0/179 
PDIP 
0/150 
1/150 
0/149 


TOTALS 
0/350 
1/350 
0/328 
C 


Additional 
Readouts: 
CERDIP 
0/129 
@ 1K Hours High Voltage 
Lifetest 
PDIP 
0/146 
@ 1K Hours High Voltage 
Lifetest 


Package 
Data Retention 
Bake (CERDIP 
@ 250·C, PDIP 
@ 140·C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
2/277 
0/146 
0/146 
PDIP 
0/300 
0/298 
0/298 


TOTALS 
2/577 
0/444 
0/444 
D 


Additional 
Readouts: 
PDIP 
0/298 
@ 1K Hours, 140·C Bake 


• 


Package 
Temperature Cycling (Condition "C"-150"C 
to -65·C) 


200 Cycles 
500 Cycles 
1KCycies 


CERDIP 
0/232 
0/75 
.0/75 
PDIP 
0/150 
0/149 
0/149 


TOTALS 
0/382 
0/224 
0/224 


Package 
Thermal Shock (Condition "C"-150"C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


PDIP 
0/150 
0/150 
0/150 


TOTALS 
0/150 
0/150 
0/150 


Package 
85·C/85% Relative Humidity 


168 Hours 
500 Hours 
1K Hours 


PDIP 
0/263 
0/263 
1/263 


TOTALS 
0/263 
0/263 
1/263 
E 


Package 
Steam (121·C, 2 ATM) 


96 Hours 
I 
168 Hours 


PDIP 
0/262 
I 
0/262 


Additional Readouts: 


PDIP 
0/262 
@ 500 Hours of Steam 


intel~ 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
1/ 
(60% UCL) 


Hrs 
(eV) 
Fall 
55°C 
700C 
55°C 
700C 


8.76E + 05 
0.3 LT 
4.76E + 06 
3.10E + 06 
0 
1.58E + 05 
0.3 HVLT· 
VAF 
4.70E + 07 
3.06E + 07 
0 


Total 0.3 eV Failures = 
0 
0.0 
0.0 


8.76E + 05 
0.5 LT 
1.47E + 07 
7.18E + 06 
0 
1.58E + 05 
0.5 HVLT 
2.64E + 06 
1.29E + 06 
0 


Total 0.5 eV Failures = 
0 
52.8 
108.0 


8.76E + 05 
0.6 LT 
2.58E + 07 
1.09E + 07 
0 
1.58E + 05 
0.6 HVLT 
4.64E + 06 
1.97E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


8.76E + 05 
1.0 LT 
2.46E + 08 
5.88E + 07 
2 
1.58E + 05 
1.0 HVLT 
4.43E + 07 
1.06E + 07 
0 


Total 1.0 eV Failures = 
2 
10.7 
44.7 


Combined 
Failure Rate (FITs) = 
63.5 
152.8 


48 Hour Bllnfant 
Mortality = 0/2956 
= 0.0000% 
= 310 DPM 
@ 60% Confidence 


Other 
Data (CERDIP) 


Theta Ja = 
83°C/W 
Temp 
with 
Theta 
Ja 
Theta Jc = 
20°C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
341.07 K 
lee 
@ 55°C = 
30 mA 
T(70°C = 
356.07 K 
lee 
@ 70°C = 
30 mA 
T(125°C) = 
408.89 K 
lee 
@ 125°C = 
25 mA 
T(250°C) = 
523 K 
Boltzman'sConstant 
= K = 8.62 x 
10-5eV/K 


Lltetest 
(L T) and 
Bake (250°C) 
High Voltage 
Lltetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.43 
3.53 
0.3 
n/a 
n/a 
0.5 
16.76 
8.19 
0.5 
727.61 
335.91 
0.6 
29.46 
12.48 
0.6 
2718.18 
1075.15 
1.0 
280.99 
67.11 
1.0 
n/a 
n/a 


• 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
II 
(60% UCL) 


Hrs 
(eV) 
Fall 
55·C 
70·C 
55·C 
700C 


4.42E + 05 
0.3 LT 
2.28E + 06 
1.50E + 06 
0 
1.48E + 05 
0.3 HVL T' 
VAF 
4.19E + 07 
2.75E + 07 
0 


Total 0.3 eV Failures = 
0 
20.7 
31.5 


4.42E + 05 
0.5 LT 
6.81E + 06 
3.38E + 06 
0 
1.48E + 05 
0.5 HVLT 
2.28E + 06 
1.13E + 06 
1 


Total 0.5 eV Failures = 
1 
222.5 
447.7 


4.42E + 05 
0.6 LT 
U8E 
+ 07 
5.08E + 06 
0 
1.48E + 05 
0.6 HVLT 
3.93E + 06 
1.70E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


4.42E + 05 
1.0 LT 
1.05E + 08 
2.59E + 07 
0 
1.48E + 05 
1.0 HVLT 
3.51E + 07 
8.65E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
243.2 
479.3 


48 Hour Sllnfant 
Mortality = 1/2661 = 0.0376% 
= 760 DPM @ 60% Confidence 


Theta Ja = 
109·C/W 
Temp 
with Theta 
Ja 
Theta Jc = 
20·C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55°C) = 
345.17 K 
Ice @ 55·C = 
30 mA 
T(70°C) = 
360.17 K 
Ice @ 70·C = 
30 mA 
T(125°C) 
= 
412.31 K 
lee@ 
125·C = 
25 mA 
T(140°C) 
= 
413 K 
Soltzman's 
Constant 
= K = 8.62 
X 10-5 
eV/K 


Lifetest 
(LT) and 
Bake (140·C) 
High Voltage 
Llfetest 
(HVL n 
Activation 
55°C 
70·C 
Activation 
55·C 
70·C 
Energy 
Energy 
0.3 
5.16 
3.39 
0.3 
nla 
nla 
0.5 
15.41 
7.66 
0.5 
38.00 
17.54 
0.6 
26.62 
11.50 
0.6 
78.65 
31.11 
1.0 
237.39 
58.60 
1.0 
nla 
nla 


Voltage Acceleration Factor (VAF) for HVLT on this process is 55. 


NOTE: 
FIT = Failure in Time. 1 FIT = 1 failure per 1 x 109 device hours. 


A. 1 leakage - 
0.5 eV 
B. 2 leakage - 
1.0 eV 
C. I leakage - 
0.5 eV 


D. 1 SBCL - 
0.6 eV 
1 passivation defect - 
0.5 eV 
E. 1 passivation defect - 
0.5 eV 


intel~ 


Device: 
Organization: 
Pinout: 
Die Size: 


Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5C060 
16 Macrocells 
24 Lead, 300 mil CERDIP and PDIP (28 Lead PLCC) 


135 x 141 mils 
-14K 


CHMOS lIE, P424 
12.5V 


CMOS 


Burn-In 
125°C Dynamic 


Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
0/3969 
0/3969 
0/371 
0/354 
1/2500 
3/2499 
0/100 
0/99 


PDIP 
0/351 
0/351 
0/351 


TOTALS 
1/6469 
3/6819 
0/882 
0/804 
A 
B 


Additional Readouts: 
CERDIP 
0/99 
@ 2K Hours Lifetest 
PDIP 
0/351 
@ 2K Hours Lifetest 


125°C High Voltage 
Dynamic 


Package 
L1fetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/224 
0/201 
2/198 
0/100 
0/100 
0/100 


TOTALS 
0/324 
0/301 
2/298 
C 


Package 
Data Retention 
Bake (CERDIP 
@ 250°C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
0/203 
0/202 
0/202 
0/50 
0/50 
0/50 


TOTALS 
0/253 
0/252 
0/252 


Additional Readouts: 
CERDIP 
0/127 
@ 1K Hours, 250°C Bake 


• 


intel~ 


Package 
Temperature 
Cycling (Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1KCycies 


CERDIP 
0/307 
1/307 
0/302 


PDIP 
0/350 
0/350 
- 


TOTALS 
0/657 
1/657 
0/302 
0 


Package 
Thermal 
Shock (Condition 
"C"-150·C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


CERDIP 
0/155 
0/155 
1/155 


TOTALS 
0/155 
0/155 
1/155 
E 


Additional 
Readouts: 
CERDIP 
0/154 
@ 1K Cycles 


Package 
Steam (121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/100 
0/100 
PLCC 
0/150 
. 
0/150 


TOTALS 
0/250 
0/250 


Additional 
Readouts: 


PDIP 
0/100 
@ 336 Hours of Steam 


Actual 
Equivalent 
Fall Rate in FITs 


Device 
Ea 
Device Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fail 
55·C 
70·C 
55·C 
70·C 


1.26E + 06 
0.3 LT 
6.37E 
+ 06 
4.24E 
+ 06 
2 
1.51E + 05 
0.3 HVLT' 
VAF 
4.20E 
+ 07 
2.79E 
+ 07 
2 


Total 0.3 eV Failures = 
4 
108.6 
163.2 


1.26E + 06 
0.5 LT 
1.88E + 07 
9.54E 
+ 06 
1 
1.51E + 05 
0.5 HVLT 
2.25E 
+ 06 
1.14E + 06 
0 


Total 0.5 eV Failures = 
1 
96.0 
189.1 


1.26E + 06 
0.6 LT 
3.23E 
+ 07 
1.43E + 07 
0 
1.51E + 05 
0.6 HVLT 
3.86E 
+ 06 
1.71E + 06 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


1.26E + 06 
1.0 LT 
2.81E+08 
7.24E + 07 
0 
1.51E + 05 
1.0 HVLT 
3.36E + 07 
8.66E 
+ 06 
0 


Total 1.0 eV Failures = 
O. 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
204.6 
352.2 


48 Hour Bllnfant 
Mortality = 1/6469 
= 0.0155% 
= 313 DPM 
@ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee @ 125°C = 


54°C/W 
1rc/w 
5.25V 
80mA 
80mA 
75mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C = 
T(125°C) 
= 
T(250°C) 
= 


350.68 K 
365.68 K 
419.26 
K 
523 K 


Lifetest 
(LT) and 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.01 
3.37 
0.3 
n/a 
n/a 
0.5 
14.94 
7.58 
0.5 
727.61 
335.91 
0.6 
25.66 
11.37 
0.6 
2718.18 
1075.15 
• 


1.0 
223.24 
57.52 
1.0 
n/a 
n/a 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee @ 125°C = 


6rc/w 
22°C/W 
5.25V 
80mA 
80mA 
75mA 


Temp with Theta Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C = 
T(125°C) 
= 
T(140°C) 
= 


356.14 K 
371.14 K 
424.38 K 
413 K 


Lifetest 
(LT) and 
Bake (140°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.81 
3.24 
0.3 
n/a 
n/a 
0.5 
13.70 
7.10 
0.5 
38.00 
17.54 
0.6 
23.13 
10.50 
0.6 
78.65 
31.11 
1.0 
187.72 
50.36 
1.0 
n/a 
n/a 


Theta Ja = 
61'C/W 
Temp with Theta Ja 
Theta Jc = 
20'C/W 
Degree 
Kelvin 
Vee = 
5.25V 
T(55'C) = 
353.62 K 
lee @ 55'C = 
80 mA 
T(70'C) 
= 
368.62 K 
lee @ 70'C = 
80 mA 
T(125'C) 
= 
422.02 K 
lee @ 125'C = 
75 mA 
T(140'C) = 
413 K 
Soltzman's Constant = K = 8.62 X 10-5 
eV/K 


Lifetest 
(LT) and 
Bake (140'C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55'C 
70'C 
Activation 
55'C 
70'C 
Energy 
Energy 
0.3 
4.92 
3.30 
0.3 
n/a 
n/a 
0.5 
14.25 
7.31 
0.5 
38.00 
17.54 
0.6 
24.25 
10.89 
0.6 
78.65 
31.11 
1.0 
203.16 
53.51 
1.0 
n/a 
n/a 


Voltage 
Acceleration 
Factor 
(VAF) for HVLT 
on this process 
is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


Failure 
Analysis 


A. I oxide defect 
- 
0.3 eV 


B. 2 oxide defects 
- 
0.3 eV 
I metal 
defect - 
0.5 eV 


c. 2 oxide defects 
- 
0.3 eV 


D. I passivation 
defect 
- 
0.5 eV 


E. I passivation 
defect 
- 
0.5 eV 


Device: 


Organization: 


Pinout: 


Die Size: 


TransistorCount: 


Process: 


Programming 
Voltage: 


Technology: 


5C090 


24 Macrocells 


40 Lead, 600 mil CERDIP 
and PDIP 
(44 Lead PLCq 


166 x 181 mils 
-30K 


CHMOS 
lIE, P424 


12.5V 


CMOS 


Burn-In 
125°CDynamic 
Package 
L1fetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERDIP 
1987 
1/2123 
2/2085 
0/170 
0/170 
1989 
3/3934 
3/3931 
0/190 
0/190 
1991 
0/2400 
0/2399 
1992 
0/1200 
0/1196 


TOTALS 
4/9657 
5/9611 
0/360 
0/360 


Additional 
Readouts: 
CERDIP 
0/265 
@ 2K Hours LT (1987 and 1989 material) 


125°CHigh Voltage Dynamic 
Package 
Llfetest (6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
1987 
0/170 
1/170 
0/156 
1989 
0/195 
0/195 
0/195 
1991 
0/399 
0/399 
0/399 
1992 
0/200 
0/100 
0/100 


TOTALS 
0/964 
1/864 (C) 
0/850 


Package 
Data Retention Bake (CERDIP @ 2500C) 


48 Hours 
168 Hours 
500 Hours 


CERDIP 
1987 
0/66 
0/66 
0/66 
1989 
0/99 
0/99 
0/99 


TOTALS 
0/165 
0/165 
0/165 


• 


Package 
Temperature 
Cycling 
(Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1KCycies 


CERDIP 
0/149 
0/141 
1/67 
0 


Package 
Thermal 
Shock 
(Condition 
"C"-150·C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


CERDIP 
0/50 
0/50 
1/50 
E 


Package 
85·C/85% 
Relative 
Humidity 


168 Hours 
500 Hours 
1K Hours 


PLCC 
0/172 
0/172 
0/172 


Additional 
Readouts 
PLCC 
0/172 
@ 2K Hours 


Package 
Steam 
(121·C, 2 ATM) 


96 Hours 
168 Hours 


PDIP 
0/153 
0/153 


PLCC 
3/474 
0/471 
F 


TOTALS 
3/627 
0/624 


Additional 
Readouts: 
PLCC 
0/300 
@ 500 Hours of Steam 


Actual 
Equivalent 
Fall Rate In FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55·C 
70·C 
55·C 
70·C 


1.43E + 06 
0.3 LT 
7.54E + 06 
4.95E + 06 
0 
2.77E + 05 
0.3 HVLT· 
VAF 
8.04E + 07 
5.28E + 07 
1 


Total 0.3 eV Failures = 
1 
23.0 
35.0 


1.43E + 06 
0.5 LT 
2.28E + 07 
1.13E + 07 
0 
2.77E + 05 
0.5 HVLT 
4.43E + 06 
2.20E + 06 
0 


Total 0.5 eV Failures = 
0 
33.6 
67.6 


1.43E + 06 
0.6 LT 
3.97E + 07 
1.72E + 07 
2 
2.77E + 05 
0.6 HVLT 
7.70E + 07 
3.33E + 06 
0 


Total 0.6 eV Failures = 
2 
65.5 
151.6 


1.43E + 06 
1.0 LT 
3.64E + 08 
8.99E + 07 
0 
2.77E + 05 
1.0 HVLT 
7.07E + 07 
1.74E + 07 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
122.0 
254.2 


48 Hour Bllnfant 
Mortality 
= 4/7257 
= 0.0554% 
= 722 DPM @ 60% Confidence 


Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


4.3E + 5 
0.3 LT 
2.3E + 6 
1.5E + 6 
2.3E + 5 
0.3 HVL T • VAF 
3.1E + 7 
2.7E + 7 


Total 0.3 eV Failures = 
0 
0 
0 


4.3E + 5 
0.5 LT 
6.9E + 6 
3.4E + 6 
2.3E + 5 
0.5 HVLT 
3.6E + 6 
1.8E + 6 


Total 0.5 eV Failures = 
0 
87 
176 


4.3E + 5 
0.6 LT 
1.2E + 7 
5.2E + 6 
2.3E + 5 
0.6 HVLT 
6.3E + 6 
2.7E + 6 


Total 0.6 eV Failures = 
0 
0 
0 


4.3E + 5 
1.0 LT 
1.1E+8 
2.7E + 7 
2.3E + 5 
1.0 HVLT 
5.8E + 7 
1.4E + 7 


Total 1.0 eV Failures = 
0 
0 
0 


Combined 
Failure Rate (FITs) = 
87 
176 


48 Hour Bllnfant 
Mortality = 0/4199 
= 0.00% = 219 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@55°C 
= 
lee@ 
70°C = 
lee@ 
125°C = 


36°C/W 
13°C/W 
5.25V 
90mA 
90mA 
80mA 


Temp 
with 
Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(250°C) = 


345.01 K 
360.01 K 
413.12 K 
523 K 


Lifetest 
(L T) and 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
5.27 
3.46 
0.3 
n/a 
n/a 
0.5 
15.96 
7.93 
0.5 
727.61 
335.91 
0.6 
27.78 
11.99 
0.6 
2718.18 
1075.15 
1.0 
254.79 
62.82 
1.0 
n/a 
n/a 


• 


Other Data (PDIP) 


ThetaJa 
= 
ThetaJc 
= 
vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee 
@ 125°C = 


48°C/W 
16°C/W 
5.25V 
90mA 
90mA 
80mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) 
= 


350.68 K 
365.68 K 
418.16 K 
413 K 


Llfetest 
(L T) and 
High Voltage 
Llfetest 
(HVL T) 


Activation 
550C 
700C 
Energy 
0.3 
4.96 
3.30 
0.5 
14.41 
7.31 
0.6 
24.56 
10.89 
1.0 
207.54 
53.47 


ThetaJa 
= 
ThetaJc 
= 
Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee 
@ 125°C = 


Activation 
Energy 
0.3 
0.5 
0.6 
1.0 


48°C/W 
16°C/W 
5.25V 
90mA 
90mA 
80mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) 
= 
T(140°C) 
= 


n/a 
38.00 
78.65 
n/a 


n/a 
17.54 
31.11 
n/a 


350.68 K 
365.68 K 
418.16 K 
413 K 


Lifetest 
(L T) and 
Bake (140°C) 
High Voltage 
L1fetest 
(HVL n 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.96 
3.30 
0.3 
n/a 
n/a 
0.5 
14.41 
7.31 
0.5 
38.00 
17.54 
0.6 
24.56 
10.89 
0.6 
78.65 
31.11 
1.0 
207.54 
53.47 
1.0 
n/a 
n/a 


Voltage 
Acceleration 
Factor 
(VAF) for HVL T on this process 
is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 


Failure Analysis 


A. 1 SBCL 
- 
0.6 eV 
I polysilicon 
defect 
- 
0.5 eV 
1 metal 
defect 
- 
0.5 eV 
I oxide defect 
- 
0.3 eV 
B. 2 MBCL 
- 
0.6 eV 


C. 1 oxide defect 
- 
0.3 eV 
D. 1 open metal 
- 
0.5 eV 
E. 1 hermeticity 
F. 3 passivation 
defects 
- 
0.5 eV 


Device: 
Organization: 
Pinout: 
Die Size: 
Transistor Count: 
Process: 
Programming Voltage: 
Technology: 


5CI80 
48 Macrocells 
68 Lead PLCC, and PGA 
265 x 182 mils 
-60K 


CHMOS lIE, P424 
12.5V 


CMOS 


Burn-In 
125·C Dynamic 


Package 
Lifetest 
48 Hours 
168 Hours 
500 Hours 
1K Hours 


CERQUAD 
0/378 
0/376 
0/102 
0/102 


TOTALS 
0/378 
0/376 
0/102 
0/102 


125·C High Voltage 
Dynamic 


Package 
Lifetest 
(6.5V) 


48 Hours 
168 Hours 
500 Hours 


CERQUAD 
0/50 
0/43 
0/39 


TOTALS 
0/50 
0/43 
0/39 


Package 
Data Retention 
Bake (CERDIP 
@ 250·C) 


48 Hours 
168 Hours 
500 Hours 


CERQUAD 
0/107 
0/100 
0/100 


TOTALS 
0/107 
0/100 
0/100 


Package 
Temperature 
Cycling 
(Condition 
"C"-150·C 
to -65·C) 


200 Cycles 
500 Cycles 
1K Cycles 


PGA 
0/128 
0/128 
0/128 


PLCC 
0/123 
0/123 
0/123 


TOTALS 
0/251 
0/251 
0/251 


Package 
Thermal 
Shock (Condition 
"C"-150·C 
to -65·C) 


50 Cycles 
200 Cycles 
500 Cycles 


PGA 
0/117 
0/117 
0/177 


TOTALS 
0/117 
0/117 
0/177 


Package 
Steam (121·C, 2 ATM) 


96 Hours 
168 Hours 


PLCC 
0/77 
0/77 


TOTALS 
0/77 
0/77 


Additional Readouts: 


PLCC 
0/77 
@ 500 Hours of Steam 
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Actual 
Equivalent 
Fail Rate in FITs 


Device 
Ea 
Device 
Hrs 
# 
(60% 
UCL) 


Hrs 
(eV) 
Fail 
55°C 
70°C 
55°C 
70°C 


1.30E + 05 
0.3 LT 
5.81E + 05 
3.94E + 05 
0 
5.03E + 04 
0.3 HVLT· 
VAF 
1.24E + 07 
8.39E + 06 
0 


Total 0.3 eV Failures = 
0 
70.6 
104.2 


1.30E + 05 
0.5 LT 
1.58E + 06 
8.25E + 05 
0 
5.03E + 04 
0.5 HVLT 
6.11E + 05 
3.20E + 05 
0 


Total 0.5 eV Failures = 
0 
0.0 
0.0 


1.30E + 05 
0.6LT 
2.60E + 06 
1.19E + 06 
0 
5.03E + 04 
0.6 HVLT 
1.01E + 06 
4.62E + 05 
0 


Total 0.6 eV Failures = 
0 
0.0 
0.0 


1.30E + 05 
1.0 LT 
1.91E + 07 
5.24E + 06 
0 
5.03E + 04 
1.0 HVLT 
7.41E + 06 
2.03E + 06 
0 


Total 1.0 eV Failures = 
0 
0.0 
0.0 


Combined 
Failure Rate (FITs) = 
70.6 
104.2 


48 Hour Bllnfant 
Mortality = 0/378 
= 0.0000% 
= 2425 DPM @ 60% Confidence 


ThetaJa 
= 
ThetaJc 
= 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee @ 125°C = 


42°C/W 
14°C/W 
5.25V 
140 mA 
140 mA 
120 mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(250°C) 
= 


358.87 K 
373.87 K 
424.46 K 


523 K 


Lifetest 
(LT) and 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL T) 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.47 
3.03 
0.3 
n/a 
n/a 
0.5 
12.14 
6.35 
0.5 
727.61 
335.91 
0.6 
19.99 
9.19 
0.6 
2718.18 
1075.15 
1.0 
147.28 
40.29 
1.0 
n/a 
n/a 


ThetaJa = 
ThetaJc = 


Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


38°C/W 
14°C/W 
5.25V 
140 mA 
140 mA 
120 mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(140°C) = 


355.93 K 
370.93 K 
421.94 K 
413 K 


Lifetest 
(L nand 
Bake (140°C) 
High Voltage 
Lifetest 
(HVL n 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.61 
3.11 
0.3 
nla 
n/a 
0.5 
12.78 
6.62 
0.5 
38.00 
17.54 
0.6 
21.28 
9.65 
0.6 
78.65 
31.11 
• 


1.0 
163.38 
43.76 
1.0 
n/a 
n/a 


ThetaJa = 
ThetaJc = 
Vee = 
lee@ 
55°C = 
lee@ 
70°C = 
lee@ 
125°C = 


28.5°C/W 


. 4°C/W 


5.25V 
140 mA 
140 mA 
120 mA 


Temp 
with Theta 
Ja 
Degree 
Kelvin 
T(55°C) = 
T(70°C) = 
T(125°C) = 
T(250°C) = 


348.95 K 
363.95 K 
415.96 K 
523 K 


Lifetest 
(L nand 
Bake (250°C) 
High Voltage 
Lifetest 
(HVL n 
Activation 
55°C 
70°C 
Activation 
55°C 
70°C 
Energy 
Energy 
0.3 
4.98 
3.30 
0.3 
n/a 
n/a 
0.5 
14.53 
7.33 
0.5 
727.61 
335.91 
0.6 
24.82 
10.91 
0.6 
2718.18 
1075.15 
1.0 
211.14 
53.68 
1.0 
n/a 
n/a 


Voltage Acceleration Factor (VAF) for HVLT on this process is 55. 


NOTE: 
FIT = Failure 
in Time. 
1 FIT = 1 failure 
per 1 x 
109 device 
hours. 
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Failure Rate Calculations for 
600/0 Upper Confidence Level 


Step 1. Collect burn-in and lifetest data for each lot after 48 hours of burn-in through Iifetest for each lot. 
Step 2. Determine the failure mechanism and assign an activation energy (EM for each failure, except those occur- 
ring during the first 48 hrs. 


Failure Mechanism 
Activation 
Energies 
Relevant 
to EPROMs 


Failure Mode 
Activation 
Energy 


Defective bit charge gain/loss 
0.6eV 
Oxide breakdown 
0.3eV 
Silicon defects 
0.3eV 
Contamination 
1.0eV-1.2eV 
Intrinsic charge loss 
1.4 eV 


NOTE: 
The first 48 hours of burn-in at either 5.25V or 6.5V measure infant mortality and are not included in the failure 
rate calculation. Monitor lots will use only 5.25V data for the infant mortality evaluation (IME). See monitor flow 
chart, Figure 1. 


# failures 
total # devices 


48 Hours 
168 Hours 
500 Hours 
1K Hours 
2K Hours 


Lot #1 
0/1000 
1/1000 
0/999 
0/998 
0/994 
Lot #2 
0/221 
0/201 
1/201 
1/100 
0/99 


Totals 
0/1221 
1/1201 
1/1200 
1/1098 
0/1093 


Actual Device Hours = ~ (Number of Devices in Stress Interval) (Number of Hours in Stress Interval) 
1201 (168 hrs-48 
hrs) + 1200 (500 hrs-168 
hrs) 
+ 1098 (1000 hrs-5oo hrs) + 1093 (2000 hrs-looo 
hrs) 
1201 (120 hrs) + 1200 (332 hrs) + 1098 (500 hrs) 
+ 1093 (1000 hrs) 
2.185 x 106Device Hours 


Step 4. Use EA tables to find the equivalent device hours at a desired temperature for each activation energy (failure 


mechanism), or use the Arrhenius relation. 
' 


R = A exp [ -K~A ] 


K 
8.617 X 10-5 eVI"K 
(Boltzmann's constant) 


A 
proportionality constant 
R 
mean rate to failure 
EA = activation energy 
T 
= temperature in Kelvin 


1 
R1 = - where t1 = MTBF at some temperature T1 
t1 


1 
R2 = - where t2 = MTBF at some temperature T2 
t2 


Therefore, one hour at 125°C is equivalent to 41.7 hours at 55°C for a failure mechanism of activation energy EA = 
0.6 eV. Then 41.7 is the thermal acceleration factor for time. 


• 
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NOTE: 
The Arrhenius Plot (Figure 2, Page 3) is simply In (Acceleration Factor) vs. l/Temperature 
normalized for an 
MTBF of one hour at 250°C (T2)' This plot can also be used to determine the acceleration factor between two 
temperatures other than 250°C. 


For example: For a 0.3 eV failure at 125°C, the acceleration factor is 8.1 relative to a 0.3 eV failure at 2500C. For a 
0.3 eV failure at 25°C, the acceleration factor is 152 relative to 2500C. Therefore, the acceleration factor between 
125°C and 25°C is: 


t1 
152 
A.F. = - = - 
= 18.7 
t2 
8.1 


Step 5. Organize the burn-in/lifetest data by EA' Total Device Hours at the burn-inllifetest temperature T2' Ther- 
mal Acceleration Factors for each failure mechanism (EA>, Number of Failures for each failure mechanism, and the 
calculated equivalent device hours at the desired operating temperature TI. 


NOTE: 
The rise in junction temperature due to the thermal resistivity of the package (8JA> must be added to the ambient 
temperature to arrive at the actual burn-inllifetest temperatures. 


EA (eV) 
Total 
Acceleration 
#<Fall 
Equivalent 
Device Hrs @T2 
Factors 
Hours@T1 


0.3 
T.O.H. 
X 
N1 
X (T.O.H.) 
0.6 
T.O.H. 
y 
N2 
Y (T.O.H.) 
1.0 
T.O.H. 
Z 
N3 
Z (T.O.H.) 


The failure rates for individual failure mechanisms and the total combined failure rate can be predicted using'the 
data table and the following formula: 


FITs = X2~~a) 
(109) 


Where X2 (n, a) is the value of the chi-squared distribution for n degrees of freedom and confidence level of a. The 
degrees of freedom, n = (2(#<of failures) + 2] for this application. T is the total equivalent device hours at T I. The 
total combined failure rate is just the sum of the individual failure rates for each failure mechanism. 


For a 60% UCL (Upper Confidence Limit), the above formula converts to the following: 


#<Failures 
FIT Rate (60% UCL) 
o 
0.915 x 109fT 
1 
2.02 x 109fT 
2 
3.105 x 109fT 
3 
4.17 x 109fT 
3 < #<< 15 
[ 1.049 (#<failures for a ~articular EA) + 1.0305] [ 109] 


>15 
[0.2533 + ~(4 x #<Failed) + 3]2 [ 
9] 
4T 
10 


intel~ 


Assume for this example, that lee active is 57 mA at TAmbient 
= 125°C and lee active is 60 mA at TAmbient 
= 


55°C. 


T2 = (35'C/W) (57 mAl (5V) + 125°C 


"" 135'C = 408°K 


T1 = (35°C/W) (60 mAl (5V) + 55°C 


'" 65'C = 338'K 


EA (eV) 
Actual 
Device 
Acceleration 
Factors 
Equivalent 
# Fail 
55°C 
Hours 
@ 125°C 
For 135°C to 65°C 
Hours 
at 55°C 
FIT Rate 


0.3 
2.185 x 106 
5.85 
1.278 x 107 
0 
81 
0.6 
2.185 x 106 
34.18 
7.468 x 107 
2 
42 


1.0 
2.185 x 106 
359.93 
7.864 x 108 
1 
3 


Total Combined 
Failure Rate = 
126 FITs 


Assume than an additional lot of 800 CHMOS III-E devices is burned in using a 6.5V lifetest as shown below. 
Assume further that the one failure shown at 168 hours is a 0.3 eV oxide failure. Using Table 2 below, a voltage 
acceleration factor of 26 results from a 1.25V voltage overstress (5.25V to 6.5V). 


Actual Device Hours = 800 (48 hrs-O hrs) + 800 (168 hrs-48 
hrs) + 799 (500 hrs-168 
hrs) 
= 3.997 x 105 


Supply 
Oxide 
Operating 
Llfetest 
Stress 
Voltage 
Type 
Voltage 
Thickness 
Stress 
(Volts) 
(A) 
(MV/cm) 
5.5V 
I 
6.0V 
I 
6.5V 
I 
7.0V 


CHMOS 
III-E 
5 
235 
2.15 
1.9 
I 
7.0 
I 
26 
I 
93 


ASSUMES: 
1. Failure 
rate calculations 
use the appropriate 
acceleration 
factor 
for stress voltage 
versus 5.25V operating 
voltage 
(conser- 


vative). 
2. Reference 
[2) E. Nelson 
Anolick. 
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125°C 
Actual 
Device 
Acceleration 
Factors 
Equivalent 


Burn·ln/Llfetest 
EA (eV) 
Hours 
@ 125°C 
for 
135°C to 65°C 
Hours 
@55°C 


5.25V 
0.3 
2.185 x 106 
5.85 
1.278x107 


6.5V 
0.3 
3.997 x 105 
(5.85 x 26) 
6.079 x 107 


Total Equivalent 
Device Hours for 0.3 eV Failures = 7.357 x 107 


Actual 
Device 
Acceleration 
Factors 
Equivalent 
55°C 
EA (eV) 
Hours 
@ 125°C 
for 
135°C to 65°C 
Hours 
# Fall 
FIT 
@55°C 
Rate 


0.3 ELT 
2.185 x 106 
5.85 
7.357 x 107 
1 
27 
0.3 HVELT 
3.997 x 105 
(5.85 x 26) 


0.6 ELT 
2.185 x 106 
34.18 
8.834 x 107 
2 
35 
0.6 HVELT 
3.997 x 105 
34.18 


1.0 ELT 
2.185 x 106 
359.93 
9.303 x 108 
1 
2 
1.0 HVELT 
3.997 x 105 
359.93 


Total Combined 
Failure Rate = 
84 FITs 


NOTES: 
1. Additional 
information 
on calculating 
failure 
rates is contained 
in the April 2, 1984 International 
Reliability 
Physics 
Sympo- 


sium editorial 
entitled 
"Calculating 
Failure 
Rates from Stress 
Data" 
by Robert 
M. Alexander. 


2. 1 FIT = 1 Failure 
Unit = 0.0001 %/1 K hours. 


• 
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Support 
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Vendor 
Product 
Product Description 
Module 
Devices Supported 


FLEXlogic 
iPLD 
85Cxxx 
5Cxxx 
5ACxxx 


Advin Systems 
Inc. 
PILOT-U84 
84-PIN Universal 
PX-20 
iFX780(11) 
DIP: 
DIP: 
DIP: 
DIP: 


1050-L Duane Ave. 
Programmer 
PX-28 
iFX740(11) 
iPLD610 
85C060,85C090 
5C031 , 5C032 
5AC312, 
Sunnyvale, 
CA 94086 
PX-44 
iPLD910 
85C220,85C224 
5C060,5C090 
5AC324 
AM-1800 
iPLD22V10 
85C22V10 
PLCC: 
PLCC: 


(800) 627-2456 
or 
AM-78 
PLCC: 
PLCC: 
5C180(4),5C060(2) 
5AC312(21 


(408) 243-7000 
iPLD610 
85C060(2),85C090(3) 
5C090(3) 
5AC324(31 


FAX (408) 736-2503 
iPLD910 
85C220(1),85C224(2) 


iPLD22V10 
85C22V10(2) 


PILOT-U40 
40-PIN Universal 
PX-20 
iFX780(11) 
DIP: 
DIP: 
DIP: 
DIP: 
Programmer 
PX-28 
iFX740(11) 
iPLD610 
85C060, 85C090, 
5C031,5C032 
5AC312, 
PX-44 
iPLD910 
85C220, 85C224, 
5C060,5C090 
5AC324 
AM-1800 
PLCC: 
85C22V10 
PLCC: 
PLCC: 
AM-78 
iPLD610 
PLCC: 
5C180(4),5C060(2) 
5AC312(21 


iPLD910 
85C060(2),85C090(3), 
5C090(3) 
5AC324(31 


85C220(1),85C224(2), 
85C22V10(2) 


B & C Microsystems 
Inc. 
PROTEUS 
40 Pin Universal 
DIP: 
DIP: 
DIP: 
DIP: 
750 N Pastoria Ave. 
-UP40 
Programmer 
(DIP40) 
PLD610 
85C060, 85C090 
5C031 , 5C032 
5AC312 
Sunnyvale, 
CA 94086 
PLD910 
85C220 
5C060, 5C090 
5AC324 
PLCC: 
PLCC: 
PLCC: 
PLCC: 
(408) 730-5511 
PLD61 0 
85C060, 85C090 
5C060, 5C090 
5AC312 
FAX (408) 730-5521 
PLD910 
85C220 
5AC324 
BBS (408) 730-2317 
PROTEUS 
40 Pin Universal 
DIP: 
DIP: 
DIP: 
DIP: 
-UPLC40 
Programmer 
(DIP48 & 
PLD61 0 
85C060, 85C090 
5C031 , 5C032 
5AC312 
PLCC84) 
PLD910 
85C220 
5C060,5C090 
5AC324 


~. 
PLCC: 
PLCC: 
PLCC: 
PLCC: 
PLD61 0 
85C060, 85C090 
5C060, 5C090 
5AC312 
PLD91 0 
85C220 
5AC324 
I 
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FPGA/PLD 
PROGRAMMING 
SUPPORT 
(Continued) 


Vendor 
Product 
Product Description 
Module 
Devices 
Supported 


FLEX logic 
iPLD 
85Cxxx 
5Cxxx 
5ACxxx 


PROTEUS 
56 Pin Universal 
DIP: 
DIP: 
DIP: 
DIP: 
-UPLC56 
Programmer 
(DIP48 & 
PLD61 0 
85C060, 85C090 
5C031 , 5C032 
5AC312 
PLCC84) 
PLD910 
85C220 
5C060,5C090 
5AC324 


PLCC: 
PLCC: 
PLCC: 
PLCC: 
PLD61 0 
85C060, 85C090 
5C060, 5C090 
5AC312 
PLD910 
85C220 
5AC324 


PROTEUS 
72 Pin Universal 
DIP: 
DIP: 
DIP: 
DIP: 
-UPLC72 
Programmer 
(DIP48 & 
PLD610 
85C060, 85C090 
5C031 , 5C032 
5AC312 
PLCC84) 
PLD910 
85C220 
5C060,5C090 
5AC324 
PLCC: 
PLCC: 
PLCC: 
PLCC: 
PLD610 
85C060, 85C090 
5C060,5C090 
5AC312 
PLD910 
85C220 
5AC324 


PROTEUS 
88 Pin Universal 
iFX780 
DIP: 
DIP: 
DIP: 
DIP: 
-UPLC88 
Programmer 
(DIP48 & 
PLD610 
85C060, 85C090 
5C031 , 5C032 
5AC312 
PLCC84) 
PLD910 
85C220 
5C060, 5C090 
5AC324 
PLCC: 
PLCC: 
PLCC: 
PLCC: 
PLD610 
85C060, 85C090 
5C060,5C090 
5AC312 
PLD910 
85C220 
5AC324 


BP Microsystems 
PLD-1128 
28 Pins + PLCC Socket 
DIP: 
DIP: 
DIP: 
DIP: 
1000 N Post Oak Road 
Converter 
iPLD610 
85C060, 85C090 
5C031,5C032 
5AC312 
Houston, TX 
(Only supports 
PLDs) 
iPLD910 
85C220, 85C224 
5C060,5C090 
5AC324 
77055-7237 
iPLD22V10 
85C960 
PLCC: 
PLCC: 
PLCC: 
85C22V10 
5C060, 5C090 
·5AC312 
(800) 225-2102 
or 
iPLD610 
PLCC: 
5C180 
5AC324 
(713) 688-4600 
iPLD910 
85C060, 85C090 
FAX (713) 688-0920 
iPLD22V10 
85C220, 85C224 
BBS (713) 688-9283 
85C22V10 
85C960 
--€: 
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Vendor 
Product 
Product 
Description 
Module 
Devices Supported 


FLEXlogic 
IPLD 
85Cxxx 
5Cxxx 
5ACxxx 


CP-1128 
28 Pins + PLCC Socket 
DiP: 
DIP: 
DIP: 
DIP: 
Converter 
iPLD610 
85C060,85C090 
5C031 , 5C032 
5AC312 
(Supports 
PLDs, EPROMs, 
iPLD910 
85C220, 85C224 
5C060,5C090 
5AC324 


and EEPROMs) 
iPLD22V10 
85C960 
PLCC: 
PLCC: 
PLCC: 
85C22V10 
5C060,5C090 
5AC312 
iPLD610 
PLCC: 
5C180 
5AC324 
iPLD910 
85C060, 85C090 
iPLD22V10 
85C220, 85C224 
85C960 
85C22V10 


BP-1200 
Supports 
up to 240 Pins 
iFX780 
DIP: 
DIP: 
DIP: 
(both PQFP and PLCq 
iPLD610 
85C060, 85C090 
DIP: 
5AC312 
iPLD910 
85C220, 85C224 
5C031 , 5C032 
5AC324 
iPLD22V10 
85C960 
5C060,5C090 
PLCC: 
PLCC: 
85C22V10 
PLCC: 
5AC312 


iPLD610 
PLCC: 
5C060,5C090 
5AC324 
iPLD910 
85C060, 85C090 
5C180 
iPLD22V10 
85C220, 85C224 
85C960 
85C22V10 


BP Microsystems 
PLD-1100 
20/24 
Pins + PLCC 
DIP: 
DIP: 
DIP: 
DIP: 
(Continued) 
Socket Converters 
PLD610 
85C060, 85C090 
5C031,5C032 
5AC312 
PLD22V10 
85C220 
5C060 
5AC324 


PLCC: 
85C22V10 
PLCC: 
PLCC: 
PLD61 0 
PLCC: 
5C060 
5AC312 
PLD22V10 
85C060, 85C090 
85C220 
85C22V10 
I 
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PROGRAMMING 
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Vendor 
Product 
Product Description 
Module 
Devices Supported 


FLEXlogic 
IPLD 
85Cxxx 
5Cxxx 
5ACx) 


BytekCorp. 
135H-U 
Universal 
UNICEL 
DIP: 
DIP: 
DIP: 
DIP: 
Instrument 
Systems Div. 
MUL TIPROGRAMMER 
w/LTAOOC 
iPLD610 
85C220. 85C224 
5C031. 5C032 
5AC31 
543 N.W. 77th Street 
iPLD910 
85C060. 85C090 
5C060, 5C090 
Boca Raton, FL 33487 
145H-U 
Logic Programmer 
DIP: 
DIP: 
DIP: 
DIP: 


iPLD610 
85C220 
5C031, 5C032 
5AC31 
(800) 523-1565 
iPLD910 
85C224 
5C060,5C090 
(407) 994-3520 
PLCC: 
85C060 
FAX (407) 994-3615 
iPLD610 
85C090 
iPLD910 


Vendor 
Product 
Product Description 
Module 
Devices Supported 


FLEXlogic 
iPLD 
85Cxxx 
5Cxxx 
5ACxxx 


Data I/O 
UNISITE 
Univ. 20 to 68 
SITE 40/48 
DIP: 
DIP: 
DIP: 
DIP: 
10525 Willows Road, N.E. 
40/48 
Pins-CHIPSITE 
for PLCC 
iPLD610 
85C220, 85C224 
5C031,5C032 
5AC312, 
P.O. Box 97046 
iPLD910 
85C060, 85C090 
5C060,5C090 
5AC324(5) 
Redmond, 
WA 98073 
CHIPSITE 
PLCC: 
PLCC: 
PLCC: 
PLCC: 


iPLD610 
85C220, 85C224 
5C060, 5C090 
5AC312 
(800) 247-5700 
iPLD910 
85C060, 85C090 
5C180 
5AC324 
(206) 881-6444 
FAX (206) 882-1043 
PPI Base 
iFX780 


PPI Base with 
iFX780 
Adaptor 
#0527 


Model 2900 
Univ. 44 Pin 
DIP: 
DIP: 
DIP: 
DIP: 


iPLD610 
85C220, 85C224 
5C031,5C032 
5AC312, 
iPLD910 
85C060, 85C090 
5C060,5C090 
5AC324(5) 


PLCC: 
PLCC: 
PLCC: 
PLCC: 
iPLD610 
85C220, 85C224 
5C060,5C090 
5AC312 
iPLD910 
85C060, 85C090 
5C180 
5AC324 


PPI Base with 
iFX780 
Adaptor 
#0527 


PPI Base with 
iFX780 
Adaptor 
# 0229 


Model 3900 
Univ. 84 Pins 
DIP: 
DIP: 
DIP: 
DIP: 
iPLD610 
85C220, 85C224 
5C031,5C032 
5AC312 
iPLD910 
85C060, 85C090 
5C060, 5C090 
5AC324 
PLCC: 
PLCC: 
PLCC: 
PLCC: 
iPLD610 
85C228, 85C224 
5C060, 5C090 
5AC312 
iPLD910 
85C060,85C090 
5C180 
5AC324 


I 
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FPGA/PLD 
PROGRAMMING 
SUPPORT 
(Continued) 


Vendor 
Product 
Product Description 
Module 
Devices Supported 


FLEXlogic 
iPLD 
85Cxxx 
5Cxxx 
5ACxxx 


Elan Systems 
5-145 
Programmer + PLCC 
DIP: 
DIP: 
DIP: 
365 Woodview 
Ave. 
Socket Converters 
iPLD610 
5C032, 5C060 
5AC312 
Suite 700 
iPLD910 
5C090,5C031 
5AC324 
Morganhill, 
CA 95037 
PLCC: 
PLCC: 
PLCC: 
iPLD610 
5C060,5C031 
5AC312, 
5AC324 
(800) 541-3526 
iPLD910 
5C090, 5C032 
(408) 778-7267 
5C180 
FAX (408) 778-2597 
6000 
Univ. Pin Driven 
DIP: 
DIP: 
DIP: 
DIP: 


Elan Digital Systems 
Ltd. 
Programmer 
iPLD610 
85C220, 85C224 
5C031 , 5C032 
5AC312 
iPLD910 
85C22V10 
5C060, 5C090 
PLCC: 
Elan House, 
PLCC: 
85C060, 85C090 
PLCC: 
5AC312 
Little Park Farm Road, 
iPLD610 
PLCC: 
5C031,5C032 
Segensworth 
West, 
iPLD910 
85C220, 85C224 
5C060, 5C090 
Fareham, Hampshire 
85C22V10 
P0155SJ 
85C060, 85C090 


0489579799 
0489577516 


Logical Devices Inc. 
ALLPR088 
Univ. 88-Pin + PLCC 
iFX780 
DIP: 
DIP: 
DIP: 
DIP: 
692 S Military Trail 
Socket Converter 
iPLD610 
85C220, 85C224 
5C031,5C032 
5AC312 
Deer1ield Beach, FL 33426 
iPLD910 
85C060, 85C090 
5C060, 5C090 
5AC324 


iFX780 
PLCC: 
PLCC: 
PLCC: 
PLCC: 
(800) 331-7766 
iPLD610 
85C220, 85C224 
5C060, 5C090 
5AC312 
(305) 428-6868 
iPLD910 
85C060, 85C090 
5C180 
5AC324 
FAX (305) 974-8531 


--c( 


Vendor 
Product 
Product 
Description 
Module 
Devices Supported 


FLEXlogic 
IPLD 
85Cxxx 
5Cxxx 
5ACxxx 


Mlnato Electronics 
Inc. 
1890A 
DIP: 
DIP: 
DIP: 
3628 Madison Ave., #5 
85C060,85C090 
5C031,5C032 
5AC312 
North Highlands, 
CA 95660 
85C220, 85C224 
5C060,5C090 
85C22V10 
5C121 
(916) 348-6066 
PLCC: 
FAX (916) 348-0926 
85C060, 85C090 
85C220, 85C224 
85C22V10 


Oliver Advanced 
Eng. 
OMNI·28 
Univ. 28 Pins 
OM-S-20 
LCC 
DIP: 
DIP: 
DIP: 
DIP: 
1146 N. Central Suite 380 
OM-S-24 
LCC 
iPLD610 
85C220, 85C224 
5C031 , 5C032 
5AC312 
Glendale, CA 91202 
iPLD910 
85C060, 85C090 
5C060 
PLCC: 
PLCC: 
PLCC: 
(818) 240-0080 
iPLD61 0(7) 85C220(6),85C224(7) 
5C060(7) 


FAX (818) 240-6131 
iPLD910 
85C060,85C090 


OMNI-40 
Univ. 40 Pin 
OM-S-40 
LCC 
DIP: 
DIP: 
DIP: 
iPLD610 
85C220, 85C224 
5C031,5C032 
iPLD910 
85C060, 85C090 
5C060, 5C090 
PLCC: 
PLCC: 
5C121 
iPLD61 0(7) 85C220(6), 85C224(7) 
PLCC: 
iPLD91 0(8) 85C060, 85C090 
5C090(8),5C060(7) 


OMNI-64 
Univ. 68 Pins 
OM-S-68LCC 
DIP: 
DIP: 
DIP: 
iPLD610 
85C220,85C224 
5C031,5C032 
iPLD910 
85C060, 85C090 
5C060, 5C090 
PLCC: 
PLCC: 
5C121 
iPLD61 0(7) 85C220(o), 85C224(7) 
PLCC: 
iPLD91 0(8) 85C060, 85C090 
5C090(8),5C060(7) 
5C180(9) 
I 


Vendor 
Product 
Product 
Description 
Module 
Devices Supported 


FLEX logic 
iPLD 
85Cxxx 
5Cxxx 
5ACxx: 


SMS North America, 
Inc. 
Sprint Expert 
Univ. 48 Pin Driver 
DIP: 
DIP: 
DIP: 
DIP: 
DIP: 
P.O. Box 3159 
Top 40 or 48 
iPLD610 
85C060, 85C090 
5C031,5C032 
5AC31: 


Redmond, 
WA 
Univ. programming 
support 
PLCC: 
iPLD910 
85C220, 85C224 
5C060,5C090 
5AC32' 


98073-8447 
for microcontrollers, 
logic 
Top 3, Top 44 
PLCC: 
85C508 
5C121,5C180 
PLCC: 
memory, and related devices 
or Top 1 
iPLD610 
85C22V10 
PLCC: 
5AC31: 


(206) 883-8447 
iPLD910 
PLCC: 
5C031,5C032 
5AC32' 


FAX (206) 883-8601 
85C060,85C090 
5C060,5C090 
BBS (206) 867-5437 
85C220,85C224 
5C121,5C180 
85C508 
85C22V10 


SMSGMBH 
Sprint Optima 
Univ. 48 Pin Driver 
DIP: 
DIP: 
DIP: 
DIP: 
DIP: 
1mGrund 15 
Univ. programming 
support 
Top 40 or 48 
iPLD610 
85C060, 85C090 
5C031,5C032 
5AC31: 
0-88239 
for microcontrollers, 
logic 
PLCC: 
iPLD910 
85C220, 85C224 
5C060, 5C090 
5AC32' 
Wangen, Germany 
memory, and related devices 
Top 3, Top 44 
PLCC: 
85C508 
5C121,5C180 
PLCC: 
or Top 1 
iPLD610 
85C22V10 
PLCC: 
5AC31: 
49-7522-972810 
iPLD910 
PLCC: 
5C031,5C032 
5AC32' 


85C060, 85C090 
5C060,5C090 
85C220, 85C224 
5C121,5C180 
85C508 
85C22V10 


Multisite 
Univ. 48 Pin Driver 
DIP: 
DIP: 
DIP: 
DIP: 
DIP: 
Univ. GANG 
Top 40 or 48 
iPLD610 
85C060, 85C090 
5C031,5C032 
5AC31: 
PLCC: 
iPLD910 
85C220, 85C224 
5C060, 5C090 
5AC32' 
Top 3, Top 44 
PLCC: 
85C508 
5C121, 5C180 
PLCC: 
or Top 1 
iPLD610 
85C22V10 
PLCC: 
5AC31: 
iPLD910 
PLCC: 
5C031,5C032 
5AC32' 
85C060, 85C090 
5C060, 5C090 
85C220, 85C224 
5C121,5C180 
85C508 
85C22V10 


Vendor 
Product 
Product Description 
Module 
Devices Supported 


FLEXlogic 
iPLD 
85Cxxx 
5Cxxx 
5ACxxx 


SMS North America, 
Inc. 
Sprint Plus 48 
Univ. 48 Pin Driver 
48 Pin Socket 
DIP: 
DIP: 
DIP: 
DIP: 
(Continued) 
(Low Cost) 
iPLD610 
85C060, 85C090 
5C031 , 5C032 
5AC312 
SMS GMBH (Continued) 
PLCC 
iPLD910 
85C220, 85C224 
5C060, 5C090 
5AC324 
Adapters 
PLCC: 
85C508 
5C121,5C180 
PLCC: 


iPLD610 
85C22V10 
PLCC: 
5AC312 
iPLD910 
PLCC: 
5C031 , 5C032 
5AC324 
85C060, 85C090 
5C060, 5C090 
85C220, 85C224 
5C121, 5C180 
85C508 
85C22V10 


Stag Mlcrosystems, 
Inc. 
ZL-30A 
Logic 28 Pin + PLCC 
30A640 
DIP: 
DIP: 
1600 Wyatt Drive, Suite 3 
Adaptor 
5C031 , 5C032 
5AC312 
Santa Clara, CA 95054 
5C060,5C090(10) 
PLCC(10): 
PLCC(10): 
5AC312 
(408) 988-1118 
5C060,5C090 
FAX (408) 988-1232 
System 3000 
DIP: 
DIP: 
DIP: 
DIP: 
iPLD610 
85C220, 85C224 
5C031 , 5C032 
5AC312 
iPLD910 
85C060, 85C090 
5C060, 5C090 


ZL30B 
Univ. 28 Pin + PLCC 
DIP: 
DIP: 
DIP: 
DIP: 
(Larger Library) 
iPLD610 
85C220, 85C224 
5C031 , 5C032 
5AC312 
iPLD910 
85C22V10 
5C060,5C090 
85C060, 85C090 


I 
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Vendor 
Product 
Product 
Description 
Module 
Devices Supported 


FLEXlogic 
iPLD 
85Cxxx 
5Cxxx 
5ACxxx 


System General Corp. 
TURPRO-1 
Univ. 84-Pin Programmer 
PLCC 
DIP: 
DIP: 
DIP: 
DIP: 
510 S. Park Victoria Drive 
Adaptor: 
iPLD610 
85C220, 85C224 
5C031,5C032 
5AC312 
Milpitas, CA 95035 
P28 
iPLD910 
85C060, 85C090 
5C060,5C090 
5AC324 


\ 
P32 
PLCC: 
PLCC: 
. PLCC: 
(408) 263-6667 
P44 
85C060, 85C090 
5C031,5C032 
5AC312 
FAX (408) 262-9227 
P68 
85C220, 85C224 
5C060, 5C090 
5AC324 


P84 
85C22V10 
5C180 


TURPRO/FX 
Univ. 84 Pin Programmer 
PLCC 
DIP: 
DIP: 
DIP: 
DIP: 
Adaptor: 
iPLD610 
85C220, 85C224 
5C031,5C032 
5AC312 


P28 
iPLD910 
85C22V10 
5C060, 5C090 
5AC324 
P32 
85C060, 85C090 
PLCC: 
PLCC: 
P44 
PLCC: 
5C031,5C032 
5AC312 


P68 
85C060, 85C090 
5C060, 5C090 
5AC324 


P84 
85C220, 85C224 
5C180 
85C22V10 


Xeltek 
SUPER PRO 
40-Pin Univ. Programmer 
DIP: 
DIP: 
DIP: 
757 North Pastoria Ave. 
85C060, 85C090 
5C031 , 5C032 
5AC312 
Sunnyvale, 
CA 94086 
85C220, 85C224 
5C060, 5C090 
PLCC: 
85C22V10 
5C180 
5AC312 
(408) 524-1929 
PLCC: 
PLCC: 
FAX (408) 245-7084 
85C060, 85C090 
5C031 , 5C032 
85C220, 85C224 
5C060, 5C090 
85C22V10 
5C180 


NOTES: 
1. With PX-20 
2. With PX-28 
3. With PX-44 
4. With AM-1800 
5. SITE 48 only 
6. With OM-S-20 
LCC 
7. With OM-S-24 
LCC 
8. With OM-S-40 
LCC 
9. With OM-S-68 
LCC 
10. With 30A640 
11. With AM-78 


_. 
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Vendor 
Product 
Features 
Intel Kit 
Devices Supported 


FLEX logic 
IPLDxxx 
85Cxxx 
5Cxxx 
5ACxxx 


Cadence 
Design System 
Frameworks 
II 4.2.1 
• Composer 
FLEXlogic 
iFX780 
iPLD610 
85C220 
5C032 
5AC312 
555 River Oaks Parkway 
schematic 
Plus Design 
iPLD910 
85C224 
5C060 
5AC324 
San Jose, CA 95134 
capture 
Kit for 
iPLD22V10 
85C22V10 
5C090 
(408) 943-1234 
• Veri log 
Cadence 
5C180 
HDL using 
Synergy 
synthesis 


• Compilation 
• Timing 
simulation 


Data I/O 
Abel 4.3 
• Abel design 
PLDs 
iFX780 
iPLD610 
85C220 
5C032 
5AC312 
10525 Willows Rd., NME 
language 
supported 
in 
iPLD910 
85C224 
5C060 
5AC324 
PO Box 97046 
• Compilation 
Abel; 
iPLD22V10 
85C22V10 
5C090 
Redmond, 
WA 98073-9746 
• State- 
FLEXlogic 
5C180 
machine 
supported 
by 
(800) 247-5700 
entry 
Intel FPGAI 
(206) 881-6444 
• Partitioning 
PLD Fitter 
FAX (206) 882-1043 
• Simulation 
Kit 


Abel 5.0 
• Abel design 
PLDs 
iFX780 
iPLD610 
85C220 
5C032 
5AC312 
language 
supported 
in 
iPLD910 
85C224 
5C060 
5AC324 
• Compilation 
Abel; 
iPLD22V10 
85C22V10 
5C090 
• State- 
FLEXlogic 
5C180 
machine 
supported 
by 
entry 
Intel FPGAI 
• Partitioning 
PLD Fitter 
• Simulation 
Kit 
• VHDL 


Intel 
PLDshell Plus 
• FPGAlPLD 
N/A 
iFX780 
iPLD610 
85C220 
5C032 
5AC312 
(see Sales Office and 
Compiler 
iPLD910 
85C224 
5C060 
5AC324 
Distributor 
Listings at back 
• Functional 
iPLD22V10 
85C22V10 
5C090 
of Handbook) 
simulator 
5C180 
• Merge 
function 


• Timing I 
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FPGA/PLD 
SOFTWARE 
SUPPORT (Continued) 


Vendor 
Product 
Features 
Intel Kit 
Devices Supported 


FLEXlogic 
iPLDxxx 
85Cxxx 
5Cxxx 
5ACxxx 


ISDATA 
LOG/iC 
• HINTVHDL 
No kit 
85C220 
5C031 
5AC312 
US/Canada: 
synthesis 
necessary; 
85C224 
5C032 
PO Box 19278 
• State View 
Support 
5C060 
Oakland, CA 94619 
flow chart 
included in 
5C090 
(510) 531-8553 
entry tool 
vendor base 
5C180 
• Partitioner 
tool. 


Non-US/Canada: 
• Compiler 


Daimlerstr. 
51 
D-7500 Karlsruhe 21 
Germany 
721-751087 


Logical Devices 
CUPL4.4 
• 
Compilation 
No kit 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
692 S. Military Trail 
• 
Simulation 
necessary; 
iPLD910 
85C224 
5C032 
5AC324 
Deerfield Beach, FL 
Support 
iPLD22V10 
85C508 
5C060 
33442 
included in 
5C090 
1-800-331-7766 
vendor base 
5C180 
tool. 


Logic Modeling 
Smart Model 
• Timing 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
19500 NW Gibbs Dr. 
models for 
iPLD910 
85C224 
5C032 
5AC324 
PO Box 310 
simulation 
iPLD22V10 
5C060 
Beaverton, 
OR 97075 
5C090 
1-800-344-0004 


Mentor 
Falcon Framework 
8.1 
• Design 
FLEX logic 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
8005 SW Boeckman 
Rd. 
Architect 
Plus Design 
iPLD910 
85C224 
5C032 
5AC324 
Wilsonville, 
OR 
schematic 
Kit for Mentor 
iPLD22V10 
5C060 
97070-777 
capture 
5C090 
(503) 685-7000 
• AutoLogic/ 
5C180 
VHDL 
Synthesis 


• Compilation 
• Quicksim 
II 
timing 
simulation 
--cr 


Vendor 
Product 
Features 
Intel Kit 
Devices Supported 


FLEXlogic 
iPLDxxx 
85Cxxx 
5Cxxx 
5ACxxx 


Minc, Inc. 
PLDesigner 
v3.1 
• Compilation 
No kit 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
6755 Earl Dr. 
• Simulation 
necessary; 
iPLD910 
85C224 
5C032 
Colorado 
Springs, CO 
• VHDL 
Support 
iPLD22V10 
85C508 
5C060 
80918-1064 
• Partitioning 
included in 
5C090 
(719) 590-1155 
vendor base 
5C180 
tool. 


OrCAD 
OrCAD PLD386 + 2.0 
·OrCAD/SDT 
No kit 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
3175 NW Aloclek 
Dr. 
386+ 
necessary; 
iPLD910 
85C224 
5C032 
5AC324 
Hillsboro, 
OR 
schematic 
Support 
iPLD22V10 
5C060 
97124-7135 
capture 
included 
in 
5C090 
(503) 690-9881 
• Compilation 
vendor base 
5C180 
·OrCADIVST 
tool. 


simulation 


Vlewloglc 
Workview 
4.1 
• Viewdraw 
FLEXlogic 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
293 Boston Post Road W. 
schematic 
Plus Design 
iPLD910 
85C224 
5C032 
5AC324 
Marlboro, 
MA 01752 
capture 
Kit for 
iPLD22V10 
85C508 
5C060 
(800) 223-8429 
• Compilation 
Viewlogic 
5C090 
• Viewsim 
5C180 
timing 
simulation 


Workview 
Plus 5.1 
• Viewdraw 
FLEXlogic 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
schematic 
Plus Design 
iPLD910 
85C224 
5C032 
5AC324 
capture 
Kit for 
iPLD22V10 
5C060 
• Compilation 
Viewlogic 
5C090 
• Viewsim 
5C180 
timing 
simulation 


Powerview 
5.1 
• Viewdraw 
FLEXlogic 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
schematic 
Plus Design 
iPLD910 
85C224 
5C032 
5AC324 
capture 
Kit for 
iPLD22V10 
5C060 
• Compilation 
Viewlogic 
5C090 
• Viewsim 
5C180 
timing 
simulation I 


--c( 


Vendor 
Product 
Features 
Intel Kit 
Devices Supported 


FLEX logic 
IPLDxxx 
85Cxxx 
5Cxxx 
5ACxxx 


Vlewloglc 
ViewPLD 
~ Workview 
schematic 
Intel FPGAlPLD 
Fitter 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
(Continued) 
capture 
Kit for compilation; 
iPLD910 
85C224 
5C032 
5AC324 
• Simulation 
FLEXlogic 
Plus Design 
iPLD22V10 
5C060 
• Abel compiler 
Kit for Viewlogic 
for 
5C090 
timing simulation 
5C180 


Pro Series: 
• Viewdraw 
schematic 
FLEXlogic 
Plus Design 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
ProSim 
capture 
Kit for Viewlogic; 
must 
iPLD910 
85C224 
5C032 
5AC324 
• Viewsim simulation 
buy EDIF reader from 
iPLD22V10 
5C060 
• Waveform 
processing 
vendor to support timing 
5C090 
simulation 
5C180 


Pro Series: 
• Viewdraw 
schematic 
FLEX logic Plus Design 
iFX780 
iPLD610 
85C220 
5C031 
5AC312 
Pro Developer 
capture 
Kit for Viewlogic; 
must 
iPLD910 
85C224 
5C032 
5AC324 
• Abel compiler 
buy EDIF reader from 
iPLD22V10 
5C060 
• Viewsim Simulation/ 
vendor to support timing 
5C090 
waveform 
processing 
simulation 
5C180 


Intel 
Data 10' 
Logical Devices 


PLD 
Packages 
PLDshell 
ABEL' 
UNISITE' 
Model 
Model29B 
CUPL 
ALLPRO 
PlusS/W 
S/W 
2900 
LogicPak' 
S/W 
40/88 


85C220-100/80/66 
D,P 
V3.1 
V3.2 
SITE40/48 
(V2.8) 
V1.1 
303A-011A 
(V10) 
V3.2 
1.50c 
N,M 
CHIPSITE 
(V3.0) 
V1.1 
303A-011 B (V05) 
1.50c 


85C220-7 I 10 
N 
V3.1 
V3.2 
CHIPSITE 
(V3.0) 
V1.1 
303A-011 B (V05) 
V3.2 
1.50c 


85C224-100/80/66 
D,P 
V3.1 
V4.0 
SITE40/48 
(V3.1) 
V1.2 
303A-011A 
(V14) 
V4.0 
2.1 
N,M 
CHIPSITE 
(V3.1) 
V1.2 
303A-011 B (V06) 
2.1 


85C224-7/10 
N 
V3.1 
V4.0 
CHIPSITE 
(V3.1) 
V1.2 
303A-011 B (V06) 
V4.0 
2.1 


85C22V10 
D,P 
V3.1 
V4.2 
SITE40/48 
(V3.7) 
V1.8 
303A-011A 
(V18) 
V4.0 
- 
N 
CHIPSITE 
(V3.7) 
V1.8 
303A-011 B (V08) 
- 


5AC312 
D,P 
V3.1 
V4.0 
SITE40/48 
(V2.2) 
V1.0 
303A-011 A (V07) 
V3.2 
V1.48 


N,M 
PINSITE 
(V3.0) 
V1.1 
303A-011 B (V06) 
V1.48 


5AC324 
D,P 
V3.1 
V3.2 
SITE40/48 
(V3.2) 
V1.5 
n/s 
V3.2 
V1.50 
N 
PINSITE 
(V3.3) 
V1.5 
n/s 
V1.50 


5C031 
D 
V3.1 
V3.0 
SITE40/48 
(V1.7) 
V1.0 
303A-0 11A (V02) 
V2.15 
V1.46 


5C032 
D,P 
V3.1 
V3.0 
SITE40/48 
(V1.2) 
_V1.0 
303A-011 A (V02) 
V2.15 
V1.46 


5C060 
D,P 
V3.1 
V3.0 
SITE40/48 
(V2.7) 
V1.0 
303A-011 A (V01) 
V2.15 
V1.46 


N,M 
CHIPSITE 
(V2.7) 
V 1.1 
303A-011 B (V01) 
V1.46 


5C090 
D,P 
V3.1 
V3.0 
SITE40/48 
(V2.7) 
V1.0 
303A-010 
(V03) 
V2.50 
V1.46 


N,M 
CHIPSITE 
(V2.7) 
V 1.1 
303A-010 
(V03) 
V1.46 


5C180 
N,M 
V3.1 
V3.0 
CHIPSITE 
(V2.7) 
n/s 
n/s 
V3.0 
V1.46 


NOTES: 
nls = Will not be supported 
due to hardware 
limitation. 


'Data 
110 = 1-800-3-DATAI0 
Logical 
Devices 
= 1-800-331-7766 


t 
Model 3900: All devices supported 
with V1.2 (NOW) 


I 


Intel 
Data 10' 
Logical Devices 


PLD 
Packages 
PLDshell 
ABEL' 
UNISITE' 
Model 
Model29B 
CUPL 
ALLPRO 


PlusS/W 
S/W 
2900 
LoglcPak' 
S/W 
40/88 


FX780 
KU 
V3.1 
unknown 
PINSITE 
(V4.3) 
V3.1 
n/s 
unknown 
unknown 


N 
V3.2 


PLDLV22V10 
P 
V3.1 
unknown 
SITE40/48 
(V4.3) 
V3.2 
n/s 
unknown 
unknown 


N 
PINSITE 
(V4.3) 
V3.2 


PLD22V10 
P 
V3.1 
V4.0(1) 
SITE40/48 
(V3.8) 
V1.9 
303A-010 
(V18) 
V4.0(1) 
2.2 


N 
CHIPSITE 
(V3.8) 
V1.9 
303A-010 
(V08) 
2.2 


PLD610 
P 
V3.1 
V3.0(2) 
SITE40/48 
(V3.8) 
V1.9 
303A-011A 
(V14) 
V2.15(2) 
2.2 


N 
CHIPSITE 
(V3.8) 
V1.9 
303A-011 B (V06)(2) 
2.2 


PLD910 
P 
V3.1(3) 
V3.0(3) 
SITE40/48 
(V3.8) 
V1.9 
303A-010 
(V03) 
V2.50(3) 
2.2 


N 
CHIPSITE 
(V3.8) 
V1.9 
303A-010 
(V03)(3) 
2.2 


NOTES: 
1. Complete support provided as 85C22V10 
2. Complete support provided as 85C060 
3. Complete support provided as 85C090 
nls = Will not be supported due to hardware limitation. 
°Data 110 = 1-800-3-DATAI0 
Logical Devices = 1-800-331-7766 


ABEL, UNISITE,and LogicPak are trademarks of Data liD, Corp. 
CUPL and ALLPRO are trademarks of Logical Devices, Inc. 
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PLDshell Plus 
Design Software 
• Easy-to-Use 
Design Environment 
for 
• Estimates 
Design Fit QUickly to Narrow 
Programmable 
Logic Design Using Intel 
Target 
Device Choices 
PLDs and the FLEXlogic 
Family of 
• Run Menu Configurable 
to Allow Use 
FPGAs 
with Designer's 
Existing 
PLD Design 
• Compiles 
PALASM· 
2-Compatible 
Tools 
Source 
Files into JEDEC Programming 
• Utilities Disassemble/Convert 
Common 
Files 
PAL/GAL 
JEDEC Files into Source 
or 
• Functionally 
Simulates 
Designs 
Using 
JEDEC Files for Intel PLDs 
Source 
File Simulation 
Syntax 
• FLEXlogic 
Prototyping 
Cable Kit 
• Test Vector 
and Waveform 
Viewer 
to 
Available 
for Use with PLDshell 
Plus to 
Simplify 
Design Verification 
Program 
Intel FPGAs 
• Easy-to-Learn 
Menu Interface 
with 
• Software 
and Programming 
Hardware 
Extensive 
Help and On-Line Technical 
Available 
through 
Intel Authorized 
Support 
Information 
Sales Office/Distributor 
• Editor and Programming 
Software 
• Standalone 
Software 
(No Programming 
Configurable 
to Designer's 
Preferred 
Hardware) 
Available 
Free from Intel 
Tools 
Literature 
• Merges 
Multiple 
PDS Files into Single 
Device 
• 
INTRODUCTION 


PLDshell 
Plus design 
software 
provides 
an easy-to-use 
menu 
system 
for programmable 
logic 
design 
that 


allows you to invoke Intel's PLDasm compiler/simulation 
software 
or your existing programmable 
logic compil- 


ers and programming 
software. 
Configure 
the menu system 
with the program 
and directory 
names 
of your 


existing 
programmable 
logic design tools and you are ready to run. 


PLDshell 
Plus software 
includes 
Intel's PLDasm logic compiler/simulator 
software. 
PLDasm software 
compiles 


PALASM· 
2-compatible 
source files to produce 
JEDEC files for Intel PLDs (Programmable 
Logic Devices) 
and 


FLEXlogic 
Family of FPGAs. 
Simulation 
syntax supports 
functional 
simulation 
and generation 
of test vectors 


for the JEDEC file. PLDasm software 
allows you to use a familiar design language 
to evaluate 
the architecture 


of Intel PLDs and FPGAs and to implement 
new designs. 


'PALASM 
and PAL are registered 
trademarks 
of Advanced 
Micro Devices, 
Inc. 
'GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Inc. 


The PLDshell Plus Main Menu is arranged to follow 
the typical PLD design flow: Edit, Compile/Simulate, 
View, and Program. PLDshell Plus menu options al- 
low you to: 


Edit-Edit 
PLD source files (or any other text file) 
using your preferred ASCII text editor. You can 
configure the edit menu to invoke whatever text 
editor you have installed in your system via the 
Change Editor button. 


Compile/Slm-Gompile 
and/or 
simulate 
PLDasm source files to create JEDEC files for 
Intel PLDs using Intel's PLDasm software. You 
can define compile/simulate options such as logic 
minimization, DeMorgan's inversion, D/T register 
selection, pin assignment algorithm options, and 
event threshold for asynchronous events (during 
simulation). 


View-View 
source, error, report, or simulation 
files to validate your design or quickly locate de- 
sign or fitting problems. When viewing an error 
file, you can display on-line error message help 
information. Simulation results can be viewed in 
table or wave form. (Waveforms can be viewed on 
Hercules, EGA, or VGA monitors.) 


Program-You 
can change the program menu to 
your preferred 
programming software via the 
Change Programming 
S/W button. For a com- 
plete list of supported programming vendors, refer 
to the Development Tools Support section of this 
book. 


Run-Run 
up to 24 user-defined programs includ- 
ing other PLD development tools. The menu is 
user-defined, with each menu option including de- 
fault command line options and working directo- 
ries. You can also run any program via the Run 
Other submenu. 


Utilities-Provides 
several utility functions, in- 
cluding: 


Disassemble, 
allows you to disassemble JE- 
DEC files for common PAL/GAL devices into 
PLDasm source files for Intel PLDs (JEDEC file 
to PDS file). 


Convert, performs a full conversion (common 
PAL/GAL JEDEC file to Intel PLD JEDEC file). 


Translate, 
translates Intel's iPLS II software 
into PDS files for use with PLDasm software. 


Merge, allows you to combine multiple PDS 
files into a single Intel PLD or FPGA. 


Change Directory, 
List Directory, 
or Invoke 
DOS Shell. 


Modify Options to change the text editor, pro- 
gramming software, printer port, hot keys, and 
other options. 


Databook-View 
datasheet briefs on Intel PLDs, 


FLEXlogic Family of FPGAs and technical notes 
on 
using the 
software/ devices, 
device order 
codes, and other pertinent technical information. 


PLDasm software compiles PALASM 2-compatible 
source files to produce JEDEC files for Intel PLDs 
and FLEXlogic Family of FPGAs. The typical design 
process is to create the source file, compile/simu- 
late the design to create a JEDEC file, and program 
devices. Error, report, and waveform files are viewed 
throughout the cycle. The edit/compile/simulate/ 
view process is repeated until a design is working as 
desired. Devices are programmed at the end of the 
cycle. PLDshell Plus software also offers the ability 
to edit/simulation/view without "fitting". This allows 
you to concentrate on logic design first, then fit the 
working design into a device. 


PLDasm software offers the following features: 


• Preserves your investment in learning a PLD de- 
sign language and in developing source files by 
compiling an industry-standard language. 
• Implements designs using Boolean equations, 
State Machine syntax, or Truth Tables (Truth 
Ta- 


ble design is a PLDasm 
superset 
feature). 


• Functionally simulates designs. 
• Estimates design fit quickly based on basic re- 
source criteria. 


• Maps designs into device resources and per- 


forms basic logic minimization. 


• Generates JEDEC programming files; these files 
include programming test vectors based on simu- 
lation output. 


You can compile PDS files for common PAL/GAL 
devices using PLDasm software. PAL/GAL designs 
are transparently converted into JEDEC files for the 
appropriate Intel PLD and FLEXlogic Family of 
FPGAs. 


PLDshell Plus can merge multiple PDS design files 
into any Intel programmable logic device, including 
the Intel FLEXlogic family of FPGAs. The Merge 
function makes it easy for designers to consolidate 
multiple PLDs into a single, high-performance FPGA 
or PLD. 


PLDshell Plus provides the ability to disassemble ex- 
isting JEDEC files for Intel PLDs and FLEXlogic 
Family of FPGAs, as well as for common 20-pin and 
24-pin PALs and GALs into PLDasm source files. 
JEDEC 
disassembly 
allows 
you 
to 
reconstruct 
source files for existing designs where the original 
source files have been lost, or to generate source 
files from existing designs to be modified for new 
designs. JEDEC disassembly is available via the 
Utilities-Disassemble 
menu selections. Note that 
the source file output during the disassembly pro- 
cess using PAL/GAL JEDEC files is for the respec- 
tive Intel PLD. 
' 


PLDshell Plus provides the ability to convert existing 
JEDEC files for common PALs/GALs into JEDEC 
files for Intel PLDs. A PLDasm source file is auto- 
matically generated during the conversion process. 
Conversion guarantees that the target Intel PLD is 
functionally the same as the original design. JEDEC 
conversion is available via the Utilities-Convert 
menu selections. 


PLDshell Plus provides an automated path for users 
of Intel's iPLS II software to move to PLDshell Plus 
and make use of its more powerful simulation fea- 
tures and user interface. Translations is available via 
the Utilities-Translate 
menu selections. 


PLDshell Plus is designed to work in systems config- 
ured as follows: 
• Intel 386-based PC with 2 Mbytes of extended 
RAM 


• MS-DOS V5.0 or later 
• High-density (1.44 Mbytes) diskette drive 
• Hard disk with approximately 5 Mbytes of space 
(4 Mbytes for installation; up to 1 Mbyte for work- 
ing files while running). 


• VGA monitor required for waveform viewing. 


ORDERING 
INFORMATION 


PLDshell Plus software (no programming hardware) • 
is available from Intel Literature (1-800-548-4725) or 
~ 
your local Intel salesperson (order code #611942). 


The FLEXlogic Prototyping Cable Kit includes the 
cable and software required to support in-circuit re- 
configuration and programming of the Intel FLEXlog- 
ic Family. It's available through Intel authorized sales 
offices (order code # EVFX780CBL). 


The FLEXlogic Evaluation Kit includes the FLEXlogic 
Prototyping cable and software, combined with the 
Intel Evaluation Board and PLDshell Plus. Available 
through Intel authorized sales offices (order code 
#EVFX780US). Versions for Europe and Japan are 
also available (# EVFX780E and # EVFX780J). 


FLEXlogic PLUS DESIGN KITS 


• 
Transparent 
to User-Works 
within 
Native CAE Vendor 
Environments 


• 
Seamless 
Integration 
into the Cadence, 
Mentor 
or Viewlogic 
Frameworks 


• 
Supports 
Vendor 
VHDL and Verilog 
Synthesis 
Tools 


• 
Intel PLDasm Compiler 
for Optimal 
Fitting of Intel Architectures 


• 
Complete 
Intel Design Synthesis 
and 
Primitives 
Libraries 
Provided 


• 
Offers 
a Mix of Schematic 
and Textual 
Design Descriptions 
in One Design 


• 
Accurate 
Device Timing Models 
Provided 
for Design Verification 


• 
Technical 
Support 
Hotline 
Provided 


• 
Supports 
Sun Spare, HP-700 and Intel- 
Based 486 and Pentium™ 
PCs 


• 
Reference 
and Tutorial 
User Guides 
Provided 


The Intel FLEXlogic 
Plus Design 
Kits are powerful 
yet well-integrated 
tools 
running 
under the most popular 
Computer 
Aided 
Engineering 
(CAE) environments: 
Cadence, 
Mentor 
and Viewlogic. 
As can be seen from the 
design flow diagram, 
Intel Design Kits are integrated 
completely 
within the normal design flow of your favorite 
CAE environment. 
This seamless 
connectivity 
makes the FLEXlogic 
Plus Design Kits easy to use, and elimi- 


nates time-consuming 
learning 
curve delays. 


The Design Flow Diagram shows 
Intel's support 
for mixed style design entry, for functional 
and timing simula- 
tion, for parsing, 
minimizing 
and fitting, 
and for JEDEC 
file production. 
This datasheet 
details 
the following 
information 
about 
Intel's 
Design Kits: 


-The 
overall 
design flow of FLEXlogic 
Plus at work within a CAE environment 


-System 
requirements 
of the Intel Kits 


-Order 
and technical 
support 
information 


intel~ 


CAE Database 
(functional 
simulation) 


CAE Netlister 


(from 
EDIF/Verilog 
to CAE database) 


:= 
Included 
in 
FLEXlogic 
Plus 
Design 
Kits 


CAE Database 
(timing 
simulation) 


Intel 
Device 
Models 
• 


Even 
though 
each 
Computer 
Aided 
Engineering 
(CAE) 
system 
is unique, 
a common 
pathway 
from 
design 
entry to timing simulation 
is shared 
between 
most design 
tools. 
To see how the Intel FLEXlogic 
Plus Design Kits seamlessly 
integrate 
into a CAE de- 
sign flow, Figure 1 illustrates 
the libraries and netlis- 
ters that are included. 


This section 
of the datasheet 
explains 
each piece of 
the design flow pictured 
in Figure 1. Because 
of the 
differences 
on 
a detailed 
level 
between 
the 
Ca- 
dence, 
Mentor 
and 
Viewlogic 
systems, 
actual 
file 
names 
are not listed. 


Schematic 
Entry-Schematic 
entry targeted 
to an 
Intel device is done with the CAE graphical 
interface 
and the Intel Schematic 
Library. 


Intel 
Symbol 
Library-This 
Library contains 
design 
symbols 
used by the CAE schematic 
entry and syn- 
thesis tools. Each design primitive 
in the Intel Library 
has graphics 
and simulation 
associated 
with it. The 
Library 
supports 
all Intel 
PLD and 
FPGA 
architec- 
tures by offering 
a complete 
range of symbols-like 
SRAM and COMPARATOR-that 
give users access 
to the full range of dynamic 
features 
of Intel devices. 


CAE MDL Entry 
(Verllog, 
VHDL)-Designs 
are en- 
tered 
in the behavioral 
HDL (Hardware 
Description 
Language) 
supported 
by the 
CAE 
tool. 
(Cadence 
Frameworks 
II 
supports 
Verilog; 
Mentor 
Falcon 
Framework 
and 
Viewlogic 
Powerview 
support 
VHDL.) 


Synthesis 
Tool-The 
synthesis 
tool provided 
by the 
CAE vendor 
converts 
behavioral 
design descriptions 
to structural 
gate-level 
design descriptions 
using the 
Intel 
Synthesis 
Library. 
Once 
in a structural 
form, 
part of the synthesis 
tool converts 
the structural 
de- 
scription 
to a schematic 
form, using the Intel Symbol 
Library. 


Intel 
Synthesis 
Library-The 
Intel 
Synthesis 
li- 
brary contains 
structural 
descriptions 
of all gate-lev- 
el symbols 
in the Symbol 
Library. 
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CAE tools 
can now take 
the completed 
gate-level 
description 
of the design 
and perform 
a functional 
simulation. 


Intel 
Netlister 
(to 
Intel 
.PDS- 
This 
Netlister 
ex- 
tracts the CAE representation 
of the design from the 
database 
and converts 
it to .PDS representation 
for 
entry into the Intel fitter. 


Intel 
Fitter-The 
Intel PLDasm fitter does semantic 
checking, 
DT flip-flop 
selection, 
minimization, 
place 
and 
routing, 
and 
produces 
error 
and JEDEC 
files. 


This is performed 
seamlessly, 
without 
user interven- 
tion. 
It produces 
a JEDEC 
file that 
is used to pro- 
gram the device. 
It also produces 
a report file, listing 
errors from the fitting process. 


Intel 
Netllster 
(from 
.DDS to EDIF/Verllog)- 
This 
Intel Netlister 
pulls the newly placed design from the 
Intel database 
and converts 
it to a standard 
file for- 
mat (EDIF or Verilog). 
Using the Intel Timing 
Library, 


the Netlister 
creates 
the appropriate 
device 
simula- 
tion model, adds delay bodies on the timing paths of 
the design, and converts 
the design with timing data 
to the 
standard 
file format 
used 
by that 
CAE tool 
(EDIF 2 0 0 or Veri log). 
. 


Intel 
Timing 
Library-The 
Intel Timing 
Library con- 
tains timing models for each Intel device that will be 
used during timing simulation 
within the CAE tool. 


CAE 
Netllster 
(from 
EDIF/Verllog 
to 
CAE 
data- 
base)- 
The CAE Netlister 
converts 
the EDIF or Ver- 
i10g file produced 
by the Intel 
Design 
Kit and con- 
verts it to a format 
its database 
can use. 


CAE 
Database 
(Timing 
Simulation)-Using 
the 
newly fitted design provided 
by the Intel netlister, 
the 
CAE tool performs 
a timing simulation. 


Device 
Models-The 
Intel 
Device 
Model 
Library 
supplies 
device 
footprints 
for 
creating 
board 
de- 
signs. 


Requirements: 
Platform 


Hardware: 
minimum 
maximum 
Memory 
Software 


Vlewloglc 
Sun Sparc 
Intel-based 
486 PC 


5Mb 
10 Mb 
CAE requirements 
only 
Workview 
v4.1 
Workview 
Plus v5.1 
Powerview 
v5.1 
QIC-24 tape, 
tar format 
3.5" 
diskettes 
(DOS) 


Cadence 
Sun Sparc 


5Mb 
10 Mb 
CAE requirements 
only 
Frameworks" 
v4.2.1 


QIC-24 tape, 
tar format 


Mentor 
HP-700 
Sun Sparc 


5Mb 
10 Mb 
CAE requirements 
only 
Falcon Framework 
v8.1 


QIC-24 tape, 
tar format 


Order FLEXlogic 
Plus Design Kits through the Intel Sales or Distribution 
Channels. 
A complete 
listing of offices 
can be found 
at the back of this handbook. 


US/Canada: 
Europe: 
Japan: 


1-800-628-8686 
(916-356-3104) 
44-0- 793- 796977 
0298-47-8511 
• 


• 
Completely transparent to the user- 
continue to work within your preferred 
vendor environment 


• 
Supports leading design tool vendors: 
Data 1/0, Logical Devices, Minc and 
OrCAD 


• 
Uses the Intel PLDasm fitter, providing 
the best fit for Intel FPGAs and PLDs 


• 
Generates a working JEDEC file ready 
for programming 


• 
Bundled into the vendor standard 
releaset at no charge 


NOTE: 
tAbel 
support 
available 
through 
Intel hotline 
at no charge 


intel~ 


The 
Intel 
FPSAlPLD 
Fitter 
Kits are tools 
that 
run 
under 
the most 
popular 
third-party, 
compiler-based 
design 
environments: 
Data I/O Abel, Logical 
Devic- 
es 
CUPL, 
OrCAD 
OrCAD-PLD 
386 + 
and 
Minc 
PLDesigner-XL. 
This datasheet 
details 
their support 
for Intel devices 
in providing 
the following 
informa- 
tion: 


- 
A high-level 
description 
of the 
design 
flow 
of 
compiler-based 
tools 


- 
A detailed 
description 
of the design flow of each 
vendor's 
tool 


- 
The vendor 
software 
version 
requirements 
and 
system 
requirements 
for support 
of Intel FPGAs 


- 
Order and technical 
support 
information 


HIGH LEVEL DESIGN FLOW 
DESCRIPTION 


Vendor Tool Design Entry-As 
can be seen from 
the 
High-Level 
Design 
Flow 
Diagram 
(Figure 
1), a 
design 
is entered 
using the compiler 
vendor 
design 
entry tool and then is passed 
to their fitter. 


Vendor Place and Route-At 
this point there 
are 
two 
paths 
a design 
can take. 
Designs 
targeted 
at 
Intel PLDs are compiled 
within the vendor 
fitter and 
a JEDEC 
is produced, 
skipping 
the last half of the 
design flow. 


.PLA 
File-Designs 
targeted 
at 
Intel 
FLEXlogic 
FPGAs are not compiled 
in the vendor 
fitter, but in- 
stead are converted 
to an industry-standard 
PLA file 
format. 


Intel Netlister-Qnce 
in 
PLA 
format, 
the 
Intel 
Netlister 
converts 
the 
design 
to 
Intel's 
PDS 
lan- 
guage, 
launches 
the 
Intel 
PLDasm 
fitter 
and mini- 
mizes and compiles 
the design. 


Intel PLDasmCompiler-After a successful 
com- 
pile, a JEDEC file is produced 
and an Intel FLEXlog- 
ic FPGA can be programmed. 


The 
entire 
design 
flow 
process, 
from 
one 
fitter 
to 
another, 
is completely 
transparent 
to the 
user. All 
steps are conducted 
from within 
the familiar 
frame- 
work of your preferred 
design tool. 


DETAILED 
DESIGN 
FLOW 
DESCRIPTION 


The 
top 
four 
leading 
compiler-based 
design 
tool 
vendors 
that 
support 
Intel 
PLDs 
and 
FPGAs 
are 
Data I/O, 
Logical 
Devices, 
Minc and OrCAD. 
Even 
though 
each 
vendor 
handles 
the 
flow 
of a design 
through 
their system 
uniquely, 
the same overall 
pro- 
cess as described 
in Figure 1 is followed 
for each. 


To take a detailed 
look at the design 
flow process 
requires 
an individual 
look at each of the four ven- 
dor's 
design 
tools. 
Figures 
2-5 
detail 
the 
design 
flow of each compiler-based 
design 
tool supporting 
Intel devices. 
As you can see, they follow 
the same 
approximate 
design 
flow 
as was 
discussed 
in the 
High-Level 
Design Flow Description, 
but with unique 
file listings, 
process 
names and report files. 


After 
the 
PLA file 
is created, 
the 
Intel 
Netlister 
is 
invoked. 
The Netlister 
is a conversion 
tool which ex- 
ecutes 
PLA2PDS, 
converting 
PLA files to the PDS 
format 
needed 
for the 
Intel compiler. 
Because 
the 
PLA output from each vendor 
varies slightly, 
the In- 
tel Netlister 
for each vendor 
is unique. 


Once the design is in PDS format, 
the Intel PLDasm 
• 
compiler 
does 
syntax 
checking, 
DT flip-flop 
selec- 
~ 
tion, minimizing, 
and place and routing. The PLDasm 
compiler 
offers 
the fastest 
place 
and 
route 
for an 
FPGA and the highest device utilization 
(> 90%). Af- 
ter a successful 
fit, a JEDEC file is produced. 
In ad- 
dition, a PDS representation 
of the final fitted design 
is produced, 
which can be used as a design entry file 
for several 
of the Intel CAE Design 
Kits to perform 
timing simulation. 


Each compiler 
vendor 
supports 
various 
design entry 
features 
such 
as Boolean 
equations, 
truth 
tables, 


state diagrams, 
etc. The Intel Fitter Kits offer support 
for 
Intel 
FPGAs 
using 
your 
preferred 
design 
entry 
vendor. 
The 
Fitter 
Kits work 
seamlessly 
within 
the 
vendor environment, 
using Intel's fitter to provide the 
best fit for Intel devices. 
The Design 
Flow Diagram 
shows 
the simple 
design 
flow 
using the Fitter 
Kits, 


from the vendor design entry system through 
the In- 
tel compiler 
and out to a JEDEC file. 


SIWULATE 
EQUATIONS 
(PLASIW) 


PLA 
File 
Simulator 


Design# 
Documentotion# 
(PLDOC) 
• 


SYSTEM 
REQUIREMENTS! 
TECHNICAL 
SUPPORT 
To receive 
the Open Abel Fitter Kit at no charge 
to 
you, call the Intel Hotline or BBS. All other Fitter Kits 
are available 
directly 
from the vendor 
at no charge. 
For complete 
details on the system requirements 
for 
compiler-based 
design 
tools 
supporting 
Intel devic- 
es, please 
refer to the PLO/FPGA 
Vendor 
Software 
Support 
Chart in the Tools 
section 
of this Program- 


mable 
Logic Handbook. 
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Personalizing PLD design work 


By JAY STURGES 
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ecent 
years 
have 
brought a spate of ad- 
vances in PLD-devel- 
opment tools and their 
underlying technology, 
including the transition 
from 
device-depen- 
dent, 
restricted 
PLD 
design 
languages 
to 
device-independent, 
Boolean equation and 


finite state-machine design languages. An 
associated advancement is the integration 
of standard 
PLD development 
systems 
with major CAE vendor design environ- 
ments. However, with all these improve- 
ments, there is still no intuitive PLD design 
tool set where a designer can achieve true 
universal PLD device and vendor support. 
With hundreds of PLD architectures, 
made by dozens of IC vendors, it's not 
surprising that no single tool provides all 
the engineer's support. By the same token, 
a designer can't find a PLD design tool that 
can cover his various PLD design method 
and language requirements. 
Thus, 
engi- 


neers are forced to use multiple PLD tools 
to meet their needs and have additional 
learning requirements. 
Currently, there are three distinct types 


of PLD-design 
tools-manufacturer-spe- 


cific, universal and comprehensive. 
Each 


tool in these three categories offers the 
engineer some solutions to the develop- 
ment cycle. However, each has problems 
that lead the engineer to use more than one 
PLD-design tool. 


Manufacturer-specific tools provide sup- 


port for early development of new PLD 
architectures 
(before universal tools can 


bring up their support). By providing PLD 
tools, makers ensure that system-design 
engineers 
will have immediate develop- 


ment capability for their most-advanced 
PLD devices. 
Some manufacturers 
will 


even make this capability available prior to 
the availability of new PLD silicon. 


In addition, manufacturer-specific tools 
willgenerally provide highly optimized sup- 
port for their new PLD architectures. 
By 
using proprietary fitting, allocationand sim- 
ulation technologies, PLD makers can opti- 
mize the design tools to best use their 
family of devices. 
The downside to using manufacturer- 
specific tools is that they generally don't 
support the architectures 
of other PLD 
makers. They also incorporate new func- 
tionality (requiring additional learning) so 
that advanced device support can be opti- 
mized. As an example, optimal support for 
a complex device, such as Intel's 5AC312, 
requires the ability to "borrow" groups of 


Universal PLD tool vendors 
provide 


tools offering a level of PLD device and 
vendor independence. 
Universal vendors 


promote 
device-independent 
systems, 


sometimes including languages with higher 
levels of abstraction and partitioning algo- 
rithms. Their support includes as large a 
list of PLD manufacturers as possible. This 
gives the system design engineer the abili- 
ty to select from a large list of PLD devices 
and vendors. Yet, trying to support a large 
list of architecturally different PLDs means 
that support for particular devices, includ- 
ing the most advanced ones, is commonly 
sacrificed. 


Among the most comprehensive 
PLD 


tools are those supplied by major CAE 


vendors, 
who provide an entire 
design 


methodology 
integrating 
universal 
and 


manufacturer-specific PLD tools, as well as 
other semicustom capabilities. They try to 
solve design problems by providing a com- 
plete electronic design automation (EDA) 
methodology. 
Typically referred 
to 
as 


frameworks, these solutions are supported 
by alliances between the CAE vendors and 
manufacturer-specific and/or universal PLD 
tool vendors. 
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logic in the device and "allocate" them as 
the user targets his design in the device. 
The 
company's 
manufacturer-specific 


tool does this using software algorithms but 
requires the user to leave pin defmitions 
unassigned. Many users will not take ad- 
vantage of this capability, because the oth- 
er tools they employ require pin assign- 
ment prior to use. So, to use the tool, a 
change in PLD design method as compared 
with other PLD design tools is required. 


these 
allia~ces 
are 
generally'limited 
to a 
small number 
of vendors. 
An engineer 
can't 
always 
get the tool set he requires 
within 
the framework, 
Furthermore, 
the costs 
of 
using these 
frameworks 
is often 
very 
high 
in both dollar outlays 
and engineer 
training, 
For 
each 
of the 
three 
PLD-tool 
types, 


shortcomings 
exist for providing 
universal, 
low-cost 
support 
for the design 
of PLDs, 
This 
introduces 
an idea for a new class 
of PLD 
tools: 
a PLD 
micro-framework. 
Such 
a tool 
should 
be 
built 
around 
the 
theme 
of letting 
the engineer 
"have 
it his 
way." 
It should 
provide 
a workbench 
for 
PLD development, 
providing 
design 
engi- 
neers 
with 
a way 
to integrate 
different 
PLD 
tools, 
methods 
and 
languages. 
It 
should 
be structured 
around 
an intuitive 
user 
interface. 
The 
PLD 
micro-framework 
should 
pro- 
vide a generic 
environment 
for editing. com- 
piling. viewing. simulating. 
programming 
and 
even disassembling 
ID. These 
are the steps 
needed 
to generate 
a PLD design. indepen- 
dent of the PLD device or vendor 
selected. 
Within 
each 
of these 
steps. 
the 
engineer 
should be able to configure 
the programs 
he 
runs to his individual needs. 
There 
are a few 
requirements 
of a PLD 
micro-framework 
software 
design 
package: 
• Consistent 
user 
interface: 
The 
tool 
should 
try to minimize 
the user's 
learning 
curve 
for incorporating 
new 
PLD capabili- 
ties by presenting 
users 
with a consistent. 


intuitive 
environment 
for PLD design. 
By 
entering 
various 
stages 
of PLD design 
via 
the 
framework. 
the 
user 
should 
be con- 
stantly 
aware 
of where 
he is in the design 
cycle and how he can move rapidly through 
the cycle. 
The 
PLD framework 
should 
act 
as a dispatcher. 
administering 
execution 
of 
the 
PLD 
design. 
• Preserve 
existing 
user-knowledge 
in- 
vestment: 
The 
PLD 
design 
cycle 
incorpo- 
rates 
a series 
of separate 
software-design 
programs. 
A user 
will use a text 
editor 
to 
create 
a design 
file (e.g .. Boolean 
expres- 


target 
device (e.g .. minimize Boolean equa- 
tions, 
produce 
Jedec 
programming 
files). 
After 
completing 
the 
design. 
the 
engineer 
will program 
the file into a target 
device. 


The 
user 
may use different 
vendors 
for 
each 
of the programs. 
As an example. 
an 
AEDIT 
text 
editor, 
Intel 
PLD 
compiler 
(iPLS). 
and 
Data 
I/O 
programmer 
(e.g .. 
Unisite) 
may be chosen. 
For each of these 
systems. 
an investment 
has been 
made 
in 
training. 
The 
framework 
should 
allow 
these 
investments 
to be preserved. 
This 
should 
be made 
possible 
by enabling 
the 
user 
to configure 
the 
framework 
for edit- 
ing. compiling 
and programming 
software. 


• Allow 
integration 
of 
multiplr-PLD 
compilers: 
There's 
a constant 
stream 
of 
new PLD design 
tools 
(manufacturer-spe- 


cific) to support 
new 
PLD devices. 
These 
enable 
fast time-to-market 
for support 
of 
new 
PLD 
products. 
These 
also can offer 
more 
optimum 
device 
utilization 
than 
can 
universal 
tools. The framework 
should pro- 
vide an environment 
for running 
many dif- 
ferent 
PLD 
compiler 
programs. 
Users 
should 
be able to quickly add and 
inventory 
PLD tools from both manufactur- 
er-specific 
and 
universal 
vendors. 
This 
would 
result 
in the ability 
of design 
engi- 
neers 
to 
move 
easily 
between 
different 
types 
of design 
tools 
to incorporate 
new 
PLD devices 
and better 
optimize 
their indi- 
vidual PLD 
designs. 
• Import and upgrade the PALasm 
syn- 
tax: A large percentage 
of PLD designs 
use 
PALasm or a PALasm-like 
syntax, 
The PLD 
framework 
tool should incorporate 
a compil- 
er that 
can import 
PALasm 
syntax 
(which 
assumes 
PALs 
as target 
devices) 
and, 
in 
fact. upgrade 
the language to allow for PLD- 
independent 
design. 
By migrating 
PALasm 
to this device-independent 
syntax. 
designs 
could be easily migrated 
between 
ID. 
Users 
should 
be 
able 
to use 
the 
new 
language 
syntax 
to store 
device-indepen- 
dent design 
modules 
and use them 
at var- 
ious 
levels 
of PLD 
integration 
in future 
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port 
PALasm 
syntax. 
mobility 
would exist 
between 
these 
tools. 
• Additional 
PW 
design utilities: 
The 
framework 
should include the ability to dis- 
assemble 
Jedec 
files into source. 
view files 
quickly 
and 
move 
easily 
within 
the 
DOS 
environment. 
The 
disassemble 
utility 
would allow engineers 
to identify functiona- 
lity of JD without 
source 
files readily acces- 
sible. 
By reading 
a device's 
Jedec 
pattern 
(for 
example. 
from 
a programmer). 
the 
designer 
can disassemble 
the Jedec 
into a 
source 
file that includes 
the Boolean 
repre- 
sentation 
of functionality. 
Intel 
is now 
providing 
a tool 
aimed 
at 
filling the needs 
outlined 
above. 
The 
com- 
pany's 
PLDshell 
program 
provides 
a new 
capability 
in PLD 
tools. 
It provides 
the 
micro-framework 
outlined 
above 
for PLD 
design. 
It includes 
a user 
interface 
tailored 
specifically 
for the 
PLD 
design 
engineer. 


Within this interface. 
the user 
can custom- 
ize 
editors. 
compilers 
and 
programming 
environments 
to preserve 
past investment 
in learning 
(see 
figure). 
Additional 
capability 
also has been 
pro- 
vided 
specifically 
for PLD 
design. 
A new 
PLDasm 
compiler 
is included 
that 
allows 
new 
capabilities 
in a very 
familiar 
formal. 


The user 
can upgrade 
designs 
initially tar- 
geted 
for PALs 
to use the advanced 
capa- 
bilities 
available 
in newer 
PLD 
devices. 


PALasm 
files can also be imported. 
More- 
over. 
users 
can recover 
design 
information 
by disassembling 
existing 
Jedec 
files. 


Since 
1988. Jay Sturges 
has worked as a senior 
software engineer for In- 
tel's programmable 
logic 
focus group. He has been 
i'lVolved 
in 
CAD 
and 
CAE 
for 
the past 
10 
years. Prior to Intel. 
he 
helped create SuperCads. 
a small develop- 
ment company in /lorthern California. 
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Already 
in wide 
use throughout 
the 
electronics 
in- 
dustry 
are numerous 
different 
Programmable 
Logic 
Devices. 
Most common 
PALs and GALs can be re- 
placed 
or upgraded 
with the following 
Intel PLDs: 


The 
85C220 
is a direct, 
drop-in 
replacement 
for 
most 20-pin PALs/GALs, 
although 
some PALs have 
an incompatible 
architecture. 
The 
85C220 
runs at 
80 
MHz 
with 
external 
feedback. 
85C220 
to 20V8 
cross 
programming 
is now 
available 
through 
the 
cross 
programming 
menu on Data 10's Unisite, 
Au- 
tosite 2900 and 3900 programmers. 


85C220 As a 20-Pln ~AL Replacement 


100% 
Compatible 


10H8, -2 
12H6, -2 
14H4, -2 
16H2, -2 
10L8, -2 
12L6, -2 
16L8, A-2, A-4 
16R4, A-2, A-4 
14L4, -2 
16L2, -2 
16R8, A-2, A-4 
16R6, A-2, A-4 
16P8, -2 
16RP8, -2 
16RP6, -2 
16RP4, -2 
16V8 


16R6A 
16R4A 
16L8A 
16RP6A 
16RP4A 
16P8A 
16R8A 
16RP8A 
16V8A 
18P8 
18V8 


The 
85C224 
is a direct, 
drop-in 
replacement 
for 
most 24-pin PALs/GALs, 
although 
some PALS have 
an incompatible 
architecture. 
The 
85C224 
runs at 
80 MHz with 
external 
feedback. 
85C220 
to 20V8 
cross 
programming 
is now 
available 
through 
Data 
10's Unisite, Autosite 
2900 and 3900 programmers. 


85C224 As a 24-Pin PAL Replacement 


100% 
Compatible 


14L8 
16L6 
18L4 
20L2 
20L8 
20R8 
20R6 
20R4 


20L8A 
20R8A 
20R6A 
20R4A 
20V8 


The iPLD22V10 
is 100% pin-, function- 
and JEDEC- 
compatible 
with 
industry 
standard 
22V10 
devices. 


JEDEC 
files 
developed 
for 22V10 
devices 
can 
be 
used "as is" to program 
the iPLD22V10. 


IPLD22V10 
As a 22V10 PAL/GAL 
Replacement 


100% 
Compatible 


AmPAL22V10 
PALC22V10L 
AmPAL22V10A 
GAL22V10 
PAL22V10 
GAL22V10B 
PALCE22V10H 
PAL20L10A 
PAL22V10C 
PAL20L10 
PAL22VP10C 
TIBPAL22V10A 
PALC22V10 
TIBPAL22V10 
PALC22V10B 
TIBPAL22VP10 


"PAL 
is a registered 
trademark 
of Advanced 
Micro 
Devices. 


"GAL 
is a registered 
trademark 
of Lattice 
Semiconductor, 
Incorporated. 


• 


The 5C031 is a direct, drop-in 
replacement 
for most 
20-pin PALs, although 
some PALs have an inpcom- 
patible 
architecture. 


The 5AC312 
is a direct, drop-in 
replacement 
for the 
20RA 10 as well as many of the other simple 24-pin 
logic devices. The 5AC312 can also serve as a drop- 
in replacement 
for most designs 
using the 22V10 or 
32V10 devices. 


100% 
Functionally 
Compatible 
Compatible 


10H8, -2 
12H6, -2 
14H4, -2 
16H2, -2 
10L8, -2 
12H6, -2 
16R6A 
16L8, A-2, A-4 
16R4A 
16R4, A-2, A-4 
16R8A 
14L4, -2 
16RP6A 
16L2, -2 
16RP6A 
16R8, A-2, A-4 
16P6A 
16R6, A-2, A-4 
16R8A 
16P8, -2 
16RP8A 
16RP8, -2 
16RP6, -2 
16RP4, -2 
16V8 
These are 
These are 
25 ns-45 
ns PALs 
15 ns PALs 


100% 
100% 


Compatible 
Compatible 
(Qualified) 


20LB 
22V10 
20R8 
32V10 
20R6 
Dependent 
on the 
20R4 
number of product 
20RA10 
terms used. 


Intel PLD and FPGA Feature Comparison 


85C220 
5C031 5C032 85C224 IPLD22V10 IPLD610 IPLD910 5C180 5AC312 5AC324 IFX780 IFX740 


INPUTS 
Dedicated 
10 
10 
14 
12 
4 
12 
12 
10 
12 
22 
10 
Maximum 
18 
18 
22 
22 
20 
36 
60 
22 
36 
102 
50 
Input Latches/Registers 
Y 
Y 
N 
N 


I/O 
Number 
8 
8 
8 
10 
16 
24 
48 
12 
24 
80 
40 
Tri-State 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Programmable 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Polarity 
Dual-Feedback 
Y 
Y 
Y 
Y 


MACROCELLS 
8 
8 
8 
10 
16 
24 
48 
12 
24 
80 
40 


REGISTERS 
Number 
8 
8 
8 
10 
16 
24 
48 
12 
24 
80 
40 
Types 
D 
D 
D 
D 
D/T/ 
D/T/ 
D/T/ 
D/T/ 
D/T/ 
D/T/ 
D/T/ 
RS/JK 
RS/JK 
RS/JK 
RS/JK 
RS/JK 
RS/JK 
RS/JK 
By-Pass 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y • 


ResettoO 
Y 
Y 
Y 
Y 
Y 
Y 
y 
y 
y 
y 
y 


Preset to 1 
Y 
Y 
Y 
Y 
Y 


PRODUCT TERMS 
Number 
74 
72 
72 
92 
160 
240 
480 
200 
394 
480 
240 
Allocation 
Y 
Y 
Y 
Y 


LOCAL/GLOBAL 
BUSES 
Y 


GLOBAL CLOCK PINS 
2 
2 
4 
2 
2 
2 
2 
Asynchronous 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Clocking 


SECURITY BIT 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 


TURBO BIT 
(Standby Mode) 
Y 
Y 
Y 
N 
Y 
Y 
Y 
Y 
Y 
N 
N 


Intel offers 
industrial 
temperature 
PLDs. Unless 
otherwise 
specified, 
commercial 
temperature 
specifications 
apply to industrial 
temperature 
devices. 
The table below lists the industrial 
temperature 
devices. 


Device 
Package 
Speeds 
Order as 


5C032 
D,P 
35,40 
TD5C032-35 
TD5C032-40 
TP5C032-35 
TP5C032-40 


5C060 
D,N,P 
45,55 
TD5C060-45 
TN5C060-45 
TP5C060-45 
TD5C060-55 
TN5C060-55 
TP5C060-55 


5C090 
D,N,P 
50,60 
TN5C090-50 
TD5C090-60 
TN5C090-60 
TP5C090-60 


5C180 
N 
75,90 
TN5C180-75 
TN5C180-90 


5AC312 
D,N 
30 
TN5AC312-30 


5AC324 
N 
30 
TN5AC324-30 


85C220 
D,N 
66 
TD85C220-66 
TN85C220-66 


PLD22V10 
D,N,P 
15 
TDPLD22V10-15 
TNPLD22V10-15 
TPPLD22V10-15 


PLD610 
D,N 
12,15,25 
TNPLD610-12 
TDPLD610-15 
TNPLD610-15 
TDPLD61 0-25 
TNPLD61 0-25 


PLD910 
D,N 
12,15,25 
TNPLD910-12 
TDPLD910-15 
TNPLD910-15 
TDPLD91 0-25 
TNPLD91 0-25 


Device 
Package 
Speeds 
Order as 


5C060 
D 
55 
MD5C060-55 


5C090 
D 
60 
MD5C090-60 


5C180 
A,K 
90 
MG5C180-90 
MQ5C180-90 


5AC312 
D 
35 
ME5AC312-35 


85C220 
D 
50,66 
MD85C220-50 
MD85C220-66 


85C224 
D 
50,66 
MD85C224-50 
MD85C224-66 


PLD22V10 
D 
10,15,20 
MDPLD22V1 0-1 0 
MDPLD22V10-15 
MDPLD22V10-20 


PLD610 
D 
15,25,35 
MDPLD610-15 
MDPLD61 0-25 
MDPLD61 0-35 


PLD91 0 
D 
20,25,30 
MDPLD91 0-20 
MDPLD91 0-25 
MDPLD91 0-30 


For detailed 
information 
on military devices, 
refer to the Military 
Products 
Handbook, 
Order 
Number 
210461. 
• 


Intel has the capability of providing pre-programmed and specially tested devices. Please contact your local 
Intel sales representative for details. 


Most Intel PLD macrocell registers can be preloaded with any pattern to allow testing of all possible logic 
states. Information on register preload for test purposes is available from Intel. 


T 
Family 


FX - 
FLEXlogic 
FPGA (Field 
Programmable 
Gate Array) 
PLD - 
Industry 
Standard 
Architecture 
sse - 
High 
Speed 
Enhanced 
Architecture 
PLO 
SAC - 
Advanced 
Architecture 
PLD 
5C 
- 
Standard 
Architecture 
PLO 
Package 
Type 
o - 
Hermetic, 
Type 0 (Cerdip) 
DIP 


N 
- 
Plastic, 
Leaded 
Chip 
Carrier 
P - 
Plastic 
Dip and 
Plastic 
F1atpack 


X 
- 
Unpackaged 
Device 
KU - 
Plastic 
Quad Flat 
Pack 


A - 
Indicates 
automotive 
operating 
temperature 
range (-40°C 
to + 125°C) 


J - 
Indicates 
a JAN qualified 
device, 
but is for internal 
identification 
purposes 
only. All JAN devices 
must be ordered 
by M38510 
part number. 
(Example: 
M38510/42001 
BQB), and will be marked 
in 
accordance 
with MIL-M-38510 
specifications. 


L - 
Indicates 
extended 
operating 
temperature 
range 
(- 40°C 
to 
+ 85°C) 
express 
product 
with 
160 + 8 hrs. dynamic 
burn-in. 


"M - 
Indicates 
military operating 
temperature 
range (- 
55°C to + 125°C) 


Q - 
Indicates 
commercial 
temperature 
range 
(O°C to + 70°C) express 
product 
with 160 + 8 hrs. dy- 
namic burn-in. 


T - 
Indicates 
extended 
temperature 
range (- 
40°C to + 85°C) express 
product 
without 
burn-in. 


- 
No letter indicates 
commercial 
temperature 
range (O°C to + 70°C) without 
burn-in. 


Examples: 


QD5C060-45 
Commercial 
with burn-in, ceramic 
Dip, 060 (600 gate) device, 
45 nanosecond. 


"On military temperature 
devices, 
B suffix indicates 
MIL-STD-883C 
level B processing. 
• 


ALABAMA 
Arrow/Schwaber 
Electronics 
Wyle 
Laboratories 
Avnet 
Computer 
Arrow/Schwaber 
Electronics 


Arrow/Schwaber 
Electronics 
26707 
W. Agoura 
Road 
15370 
Barranca 
Pkwy. 
55 Federal 
Road, 
#103 
4250 
E. Rivergreen 
Pkwy., 
#E 
Calabasas 
91302 
Irvine 
92713 
Danbury 
06810 
Duluth 
30136 
1015 
Henderson 
Road 
Tel: 
(818) 
880-9686 
Tel: 
(714) 
753-9953 
Tel: 
(203) 
797-2880 
Tel: 
(404) 
497-1300 
Huntsville 
35806 
FAX: 
(818) 
772-8930 
FAX: 
(714) 
753-9877 
FAX: 
(203) 
791-9050 
FAX: 
(404) 
476-1493 
Tel: 
(205) 
837-6955 
FAX: 
(205) 
721-1581 
Arrow/Schwaber 
Electronics 
Wyle 
Laboratories 
Hamilton 
Hallmark 
Avnet 
Computer 


Hamilton 
Hallmark 
48834 
Kata 
Road. 
Suite 
103 
15360 
Barranca 
Pkwy., 
#200 
125 Commerce 
Court, 
Unit 
6 
3425 
Corporate 
Way, 
#G 


4890 
University 
Square, 
#1 
Fremont 
94538 
Irvine 
92713 
Cheshire 
06410 
Duluth 
30136 


Huntsville 
35816 
Tel: 
(510) 
490-9477 
Tel: 
(714) 
753-9953 
Tel: 
(203) 
271-2844 
Tel: 
(404) 
623-5452 


Tel: 
(205) 
837-8700 
Arrow/Schwaber 
Electronics 


FAX: 
(714) 
753-9877 
FAX: 
(203) 
272-1704 
FAX: 
(404) 
476-0125 


FAX: 
(205) 
830-2565 
~rv?~~~~7e~18# 100 
Wyle 
Laboratories 
Pioneer 
Standard 
Hamilton 
Hallmark 


~9T~oSt~~p~~ate 
Dr., #120 
2951 
Sunrise 
Blvd., 
#175 
2 Trap 
Falls 
Road 
3425 
Corporate 
Way, 
#G 
& #A 
Tel: 
(714) 
838-5422 
Rancho 
Cordova 
95742 
Shelton 
06484 
Duluth 
30136 
Huntsville 
35805 
FAX: 
(714) 
454-4206 
Tel: 
(916) 
638-5282 
Tel: 
(203) 
929-5600 
Tel: 
(404) 
623-5475 
Tel: 
(205) 
830-9526 
Arrow/Schweber 
Electronics 
FAX: 
(916) 
638-1491 
FAX: 
(404) 
623-5490 
FAX: 
(205) 
830-9557 
9511 
Ridgehaven 
Court 
Pioneer 
Technologies 
Group 
San 
Diego 
92123 
Wyle 
Laboratories 
FLORIDA 
Pioneer 
Technologies 
Group 


4835 
University 
Square, 
#5 
Tel: 
(619) 
565-4800 
9525 
Chesapeake 
Drive 


Anthem 
Electronics 
4250 
C. Rivergreen 
Parkway 


Huntsville 
35805 
FAX: 
(619) 
279-8062 
San 
Diego 
92123 
Duluth 
30136 


Tel: 
(205) 
837-9300 
Tel: 
(619) 
565-9171 
598 
South 
Northlake 
Blvd., 
#1024 
Tel: 
(404) 
623-1003 


Arrow/Schweber 
Electronics 
FAX: 
(619) 
365-0512 
Altamonte 
Springs 
32701 
FAX: 
(404) 
623-0665 
FAX: 
(205) 
837-9358 
1180 
Murphy 
Avenue 
Tel: 
(813) 
797-2900 


Wyle 
Laboratories 
San Jose 
95131 
Wyle 
Laboratories 
FAX: 
(813) 
796-4880 
Wyle 
Laboratories 
7800 
Governers 
Drive 
Tel: 
(408) 
441-9700 
3000 
Bowers 
Avenue 
6025 
The 
Corners 
Pkwy., 
#111 
Tower 
Building, 
2nd 
Floor 
FAX: 
(408) 
453-4810 
Santa 
Clara 
95051 
Arrow/Schweber 
Electronics 
Norcross 
30092 
Huntsville 
35806 
Tel: 
(408) 
727-2500 
400 
Fairway 
Drive, 
#102 
Tel: 
(404) 
441-9045 
Tel: 
(205)830-1119 
Avnet 
Computer 
FAX: 
(408) 
727-5896 
Deerfield 
Beach 
33441 
FAX: 
(404) 
441-9086 
FAX: 
(205) 
830-1520 
3170 
Pullman 
Street 
Tel: 
(305) 
429-8200 


Costa 
Mesa 
92626 
Wyle 
Laboratories 
FAX: 
(305) 
428-3991 


ARIZONA 
Tel: 
(714) 
641-4150 
17872 
Cowan 
Avenue 
ILLINOIS 


FAX: 
(714) 
641-4170 
Irvine 
92714 
Arrow/Schweber 
Electronics 
Anthem 
Electronics 
Tel: 
(714) 
863-9953 
37 Skyline 
Drive, 
#3101 
Anthem 
Electronics 
1555 
W. 10th 
Place, 
#101 
Avnet 
Computer 
FAX: 
(714) 
263-0473 
Lake 
Mary 
32746 
1300 
Remington 
Road, 
Suite 
A 
Tempe 
85281 
1361B 
West 
190th 
Street 
Tel: 
(407) 
333-9300 
Schaumberg 
60173 
Tel: 
(602) 
966-6600 
Gardena 
90248 
Wyle 
Laboratories 
FAX: 
(407) 
333-9320 
Tel: 
(708) 
884-0200 
FAX: 
(602) 
966-4826 
Tel: 
(800) 
426-7999 
26010 
Mureau 
Road, 
#150 
FAX: 
(708) 
885·0480 


Arrow/Schweber 
Electronics 
FAX: 
(310) 
327-5389 
Calabasas 
91302 
Avnet 
Computer 


2415 
W. Erie 
Drive 
Tel: 
(818) 
880-9000 
3343 
W. Commercial 
Boulevard 
Arrow/Schweber 
Electronics 


Tempe 
85282 
Avnet 
Computer 
FAX: 
(818) 
880-5510 
Bldg. 
C/O, 
Sune 
107 
1140 
W. Thorndale 
Rd. 


Tel: 
(602) 
431-0030 
755 Sunrise 
Boulevard, 
#150 
Ft. Lauderdale 
33309 
Itasca 
60143 


FAX: 
(602) 
252-9109 
Roseville 
95661 
Zeus 
Arrow 
Electronics 
Tel: 
(305) 
730-9110 
Tel: 
(708) 
250-0500 


Tel: 
(916) 
781-2521 
6276 
San 
Ignacio 
Ave., 
#E 
FAX: 
(305) 
730-0368 


Avnet 
Computer 
FAX: 
(916) 
781-3819 
San 
Jose 
95119 
Avnet 
Computer 
1626 
S. Edwards 
Drive 
Avnet 
Computer 
Tel: 
(408) 
629-4789 
Avnet 
Computer 
1124 
Thorndale 
Avenue' 


Tempe 
85281 
FAX: 
(408) 
629-4792 
3247 
Tech 
Drive 
North 
Bensenville 
60106 
Tel: 
(602) 
902-4600 
1175 
Bordeaux 
Drive, 
#A 
St. Petersburg 
33716 
Tel: 
(708) 
860-8572 
FAX: 
(602) 
902-4640 
Sunnyvale 
94089 
Zeus 
Arrow 
Electronics 
Tel: 
(813) 
573-5524 
FAX: 
(708) 
773-7976 


Hamilton 
Hallmark 


Tel: 
(408) 
743-3454 
22700 
Savi 
Ranch 
Pkwy. 
FAX: 
(813) 
572-4324 
FAX: 
(408) 
743-3348 
Yorba 
linda 
92687-4613 
Hamilton 
Hallmark 
4637 
S. 36th 
Place 
Tel: 
(714) 
921-9000 
Hamilton 
Hallmark 
1130 
Thorndale 
Avenue 
Phoenix 
85040 
Avnet 
Computer 
FAX: 
(714) 
921-2715 
3350 
NW. 
53rd 
St., #105-107 
Bensenville 
60106 
Tel: 
(602) 
437-1200 
21150 
Califa 
Street 
Ft. Lauderdale 
33309 
Tel: 
(708) 
860-7780 
FAX: 
(602) 
437-2348 
Woodland 
Hills 
91376 
Tel: 
(305) 
484-5482 
FAX: 
(708) 
860-8530 
Wyle 
Laboratories 
Tel: 
(818) 
594-8301 
COLORADO 
FAX: 
(305) 
484-2995 


4141 
E. Raymond 
FAX: 
(818) 
594-8333 
MTI Systems 
Phoenix 
85040 
Hamilton 
Hallmark 
Anthem 
Electronics 
Hamilton 
Hallmark 
1140 
W. Thorndale 
Avenue 
Tel: 
(602) 
437-2088 
3170 
Pullman 
Street 
373 
Inverness 
Drive 
South 
10491 
72nd 
S1, North 
Itasca 
60143 
FAX: 
(602) 
437-2124 
Costa 
Mesa 
92626 
Englewood 
80112 
Largo 
34647 
Tel: 
(708) 
250-8222 


Tel: 
(714) 
641-4100 
Tel: 
(303) 
790-4500 
Tel: 
(813) 
541-7440 
FAX: 
(708) 
250-8275 
CALIFORNIA 
FAX: 
(714) 
641-4122 
FAX: 
(303) 
790-4532 
FAX: 
(813) 
544-4394 
Pioneer 
Standard 
Anthem 
Electronics 
Hamilton 
Hallmark 
Arrow/Schweber 
Electronics 
Hamilton 
Hallmark 
2171 
Executive 
Dr., 
#200 
9131 
Oakdale 
Ave. 
1175 
Bordeaux 
Drive, 
#A 
61 Inverness 
Dr. East, 
#105 
7079 
University 
Boulevard 
Addison 
60101 
Chatsworth 
91311 
Sunnyvale 
94089 
Englewood 
80112 
Winter 
Park 
32792 
Tel: 
(708) 
495-9680 
Tel: 
(818) 
775-1333 
Tel: 
(408) 
435-3500 
Tel: 
(303) 
799-0258 
Tel: 
(407) 
657-3300 
FAX: 
(708) 
495-9831 
FAX: 
(818) 
775-1302 
FAX: 
(408) 
745-6679 
FAX: 
(303) 
373-5760 
FAX: 
(407) 
678-4414 


Anthem 
Electronics 
Wyle 
Laboratories 


1 Oldfield 
Drive 
Hamilton 
Hallmark 
Hamilton 
Hallmark 
Pioneer 
Technologies 
Group 
2055 
Army 
Trail 
Road, 
#140 


Irvine 
92718-2809 
4545 
Viewridge 
Avenue 
12503 
E. Euclid 
Drive, 
#20 
337 
Northlake 
Blvd., 
#1000 
Addison 
60101 


Tel: 
(714) 
768-4444 
San 
Diego 
92123 
Englewood 
80111 
Alta 
Monte 
Springs 
32701 
Tel: 
(800) 
853-9953 


FAX: 
(714) 
768-6456 
Tel: 
(619) 
571-7540 
Tel: 
(303) 
790-1662 
Tel: 
(407) 
834-9090 
FAX: 
(708) 
620-1610 
FAX: 
(619) 
277-6136 
FAX: 
(303) 
790-4991 
FAX: 
(407) 
834-0865 


Anthem 
Electronics 
580 
Menlo 
Drive, 
#8 
Hamilton 
Hallmark 
Hamilton 
Hallmark 
Pioneer 
TechnoloQies 
Group 
INDIANA 
Rocklin 
95677 
21150 
Califa 
St. 
710 Wooten 
Road, 
#102 
674 S. Military 
Trail 


Tel: 
(916) 
624-9744 
Woodland 
Hilts 91367 
Colorado 
Springs 
80915 
Deerfield 
Beach 
33442 
Arrow/Schweber 
Electronics 
FAX: 
(916) 
624-9750 
Tel: 
(818) 
594-0404 
Tel: 
(719) 
637-0055 
Tel: 
(305) 
428-8877 
71 08 Lakeview 
Parkway 
West 
Dr. 


Anthem 
Electronics 
FAX: 
(818) 
594-8234 
FAX: 
(719) 
637-0088 
FAX: 
(305) 
481-2950 
Indianapolis 
46268 
Tel: 
(317) 
299-2071 
9369 
Carroll 
Park 
Drive 
Hamilton 
Hallmark 
Wyle 
Laboratories 
Pioneer 
Technologies 
Group 
FAX: 
(317) 
299-2379 
San 
Diego 
92121 
580 
Menlo 
Drive, 
#2 
451 
E. 124th 
Avenue 
8031·2 
Phillips 
Highway 
Tel: 
(619) 
453-9005 
Rocklin 
95762 
Thornton 
80241 
Jacksonville 
32256 
Avnet 
Computer 
FAX: 
(619) 
546-7893 
Tel: 
(916) 
624-9781 
Tel: 
(303) 
457-9953 
Tel: 
(904) 
730-0065 
485 
Gradle 
Drive 


Anthem 
Electronics 
FAX: 
(916) 
961-0922 
FAX: 
(303) 
457-4831 
Carmel 
46032 


1160 
Ridder 
Park 
Drive 
Pioneer 
Standard 
Wyle 
Laboratories 
Tel: 
(317) 
575-8029 
San 
Jose 
95131 
1000112 
Circle 
North 
FAX: 
(317) 
844-4964 


Tel: 
(408) 
452-2219 
5850 
Canoga 
Blvd., 
#400 
CONNECTICUT 
S1, Petersburg 
33716 


FAX: 
(408)441-4504 
Woodland 
Hills 
91367 
Tel: 
(813) 
530-3400 
Hamilton 
Hallmark 


Tel: 
(818) 
883-4640 
Anthem 
Electronics 
FAX: 
(813) 
579-1518 
4275 
W. 96th 


Arrow 
Commercial 
Systems 
Group 


Pioneer 
Standard 


61 Mattatuck 
Heights 
Road 
Indianapolis 
46268 
1502 
Crocker 
Avenue 
Waterburg 
06705 
Tel: 
(317) 
872-8875 
Hayward 
94544 
217 Technology 
Dr., #110 
Tel: 
(203) 
575-1575 
GEORGIA 
FAX: 
(317) 
876-7165 
Tel: 
(510) 
489-5371 
Irvine 
92718 
FAX: 
(203) 
596-3232 
FAX: 
(510) 
489-9393 
Tel: 
(714) 
753-5090 
Arrow 
Commercial 
Systems 
Group 
Pioneer 
Standard 


Arrow 
Commercial 
Systems 
Group 
Pioneer 
Technologies 
Group 
Arrow/Schweber 
Electronics 
3400 
C. Corporate 
Way 
9350 
Priority 
Way 
West 
Dr. 


14242 
Chambers 
Road 
134 Rio Robles 
12 Beaumont 
Road 
Duluth 
30136 
Indianapolis 
46250 


Tustin 
92680 
San Jose 
95134 
Wallingford 
06492 
Tel: 
(404) 
623-8825 
Tel: 
(317) 
573-0880 


Tel: 
(714) 
544-0200 
Tel: 
(408) 
954-9100 
Tel: 
(203) 
265-7741 
FAX: 
(404) 
623-8802 
FAX: 
(317) 
573-0979 


FAX: 
(714) 
731-8438 
FAX: 
(408) 
954-9113 
FAX: 
(203) 
265-7988 


